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HEPAims THERAPEUncS 

5 

The present tziventum relates generally to methods for treatmg 
hepatitis, as well as hepatitis-assodated rarffin^^nias 

10 Badcprmmd of the Invention 

Hepatitis is a systemic disease which predominantly affects the liver. 
The disease is typiBed by the initial onset of synq>toms such as anorexia, naosea, 
vomiting fatigue, malaise, arthralgias, xxiyalgias, and headaches, followed by the 
onset of jaimdioe. The disease may also be chaxacterized by increased serum 

15 levels of the aminotransferases AST and ALT. Quantification of these en^mes in 
serum indicates the extent of liver damage. 

There are five general categories of viral agents v^ch have been 
a ssocia t ff d with h^iatitis: the hepadtis A vims (HAV); the hepadtis B virus 
(HBV); two types of non-A, nourB (NANB) agents, one blood-borne (hepatitis Q 

20 and the other entcricallytransnntted(hqpatidsE); and the HBV-assodat^ 
agent (hqiatitis D)« 

Tliere are two general dinical categories of hepatitis, acute hepatitis 
and chronic hepatitis. Syn^oms for acute hepatitis range from asyni^tomatic and 
non-apparent to fatal infections. The disease may be subdimcal and pocsistent, or 

25 Tiddly progress to dnonic liver disease with dzrhosis, and in wane cases, to 
hepatocelhOar cardnoma. Acute hepatitis B infection in adult Caucasians in the 
United States progresses to chronic hepatitis B in about 5% to 10% of die cases. 
In the remainder of the cases, s^iproxinxately 65% are asyn^tomatia In the Far 
East, infection is usuaUy perinatal, and 50% to 90% progress to the chronic stale. 

30 It is likely that the different rates of progression are linked to the age at infection 
rath» than genetic differences in the hosts. In the United States, about 02% of 
the population is chronically in f ft ct ed, with higher percentages in high-risk groups 
such as plqrsidaiB, drug addicts and renal dialysis patients. In countries such as 
Taiwan, Hong Kong and Singapore, the level in the population with hepatitis 

35 infection m^ be as hi^ as 10%. 

In the United States, about 20% of patients with chronic hepatitis 
die of liver Mure, and a Airther 5% develop hepatitis B-assodated carcinoma. In 
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tibe Far East, a large percentage of the populatiba is infected with HB V, and after 
a long chronic infection ^ to 40 years), a pp r o x mi atdy 25% of these win develop 
hepatooelkilar candnoma. 

After the development of serologic tests for both hepatitis A and 
5 investigatois identified other patients with h^mtitis-like syn^ptoms, and with 
incubation p^iods and modes of transmission consistent with an infecdons 
disease, but withoat serotogic evidence of hqiatitis A or B infection. After almost 
15 yeais, the causathre agent was identified as an RNA vims. This virus 
(designated "hepatitis C) has no homology vidth HBV, retrovimses, or other 

10 hepatitis viruses. 

Hepatitis C (HCV) qjpears to be tibe major cause of post- 
trans&tsioii and sporadic non-A, non-B (NANB) hepatitis worldwide, and plays a 
major role in die development of chronic liver disease, mdnHing hepatocellular 
cardnoma (Kno etaL, Sdence 244'3e2r3M, 1989; Choo etaL. BHti^ Met^ 

15 5i«tom4tf(2):423441, 1990). Of the approximate 

transfiisions each year, approximate^ 150,(K)0 will develop acute hepatitis C 
(Davis etaUWbv£>;g:/. Med: 527(22):1501-1506,^ lii addition, of diose that 
develop aaite hepatitiis Q at least one-half will develop chronic hepatitis C 

Itoil recently, no therapy has proven ^ective for treatment of 

20 acute or chronic hepatitis B or C infections, and patients infected with hepatitis 
most generally allow the disease run its course. Most anti-viral drugs, sudi as 
aqrdovir, as well as attempts to bolster the immune system through the use of 
corticosteroids have pnivm ineffective (Alter, ^'Viral hepatitis and liver disease," 
Zuckennan (ed.). New York Alan R. liss, pp. 537^2, 1988). Some anti-viral 

25 activity has been observed with adenosine arahinoside (Jacyna et al, British M&L 
BuH 46:368-382, 1990X although toxic side effects v^s^ are associated with tids 
drug render sudi treatment unacceptable 

One treatment that has provided some benefit for chronic hepatitis 
B and C infecti o ns is die use of reoombinam alpha interferon (Davis et aL, New 

30 Eng. J. Med. 12/(22):1501-150fi, 1989; Penilio ttBL,NavEng.J. Med. 525:295-301. 
1990). However; for patients with hepatitis B infections only about 35% of 
infectees re^onded to such treatment, ami mperinatai infectees only about 10% 
lesponded to treatment For hepatitis C infections, despite apparent short-term 
success utilizing such therapy, six months after tenmnation of treatment half of the 

35 patients \i*o responded to tiierapy had rd^ed Li addition, a farther diffi^ 
with alpha interferon therapy is tiiat the conqiosition fiiequentiy has toxic side 
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TheiefaFc^ therapeutics that cxiuld serve to angment natural host 
defenses against hepatitis, or against tumor induction and progression, with 
reduced cytotoxictty, or that allows treatment of interferon non-responsive 
individuals would be very beneficial Tbe present tnventbn provides such 
S ther^>eutic agents^ and further provides other related advantages. 

Smnmaiv of the Invention 

Briefly stated, the present invention is directed toward methods of 
treating h^>atitis B and hepatitis C infections^ as well as hepatocellular 

10 carcinomas (HCXZ). Within one aspect of the present invention, a method is 
provided for treating hepatitis B infections in waim4>looded animals oonqmsing 
die step of administering to a warm-blooded animal a vector construct which 
directs the expression of at least one iimnunogemc portion of a hepatitis B 
antigen, such that an immune response is generated. Within other aspects of the 

15 invention, an immunomodulatory co&ctor may also be adnunistered, or expressed 
along with an immnnogernc portion of a hqmtitis B antigezt \(^thin various 
embodiments, the vector construct directs the expression of HBeAg^ HBcAg, 
HBsAgs ORF 5, ORF 6, the HBV pol antigen, or ai^ combination of these 
antig e n s. ¥^tbin one embodimrat the HBsAgs is selected from the group 

20 consi5tmgofS,pre-Sl,andpr&Sl 

Within a related aspect of the present invention, a vector construct 
is provided vdiidi directs the co-expression of at least one immunogem'c portion of 
a hepatitis B antigen and an innxmnomodulatoiy oo&ctor. Also provided are 
pharmaceutical compc^tions comprising the recombinant viruses in combination 

25 with a pharmaceutically acceptable carrier or diluent 

Within another aspect of the present invention, a method is 
provided for destroying hqiatitis B cananoma ceQs in wainohblooded animals, 
conqxristng tiie step of administering to a warm-blcK>ded animal a vector construct 
wtadi directs the eaqnession of an inmmnQgenic pOTtion of antigen X sudi that an 

30 immune response is generated. Within other aspects of the invention, an 
immunomodulatory cofactor may also be administered, or expressed along with, 
the immunogenic portion of antigen X. 

Within yet anotiier aspect of the invention, a vector construct is 
provided which directs the expression of an irmrmnogemc portion of antigen X, or 

35 co-espresses tiiis antigen witii an immunomodulatoiycofactor. Also provided are 
phaimaceutical conq^ositions conq)rising these recQmbimmt viruses in 
combination with a phaimaceutically acceptable carrier or diluent 
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Vfitiaa a fiirtber aspect of the present inraitioiv a method of 
treatiiig hepatitis C infections in warm-blooded aitfTnals is provided, comprising 
dte step of admimsrciing to a wann-blooded animal a vector constract wiiich 
directs the aqnession of at least one immnnogenic portion of a hepatitis C antigen 
5 such that an imnnme response is generated. Witfain other aspects, an 
imrmmoznodulatozy oo&ctor may also be administered or co-expiess^ with the 
imnmnogenic portion of a hqmtltis C antigen. V/bim various embodunents, the 
vector construct vasy eaqpress the core antigen Q andgenEl, antigen B2/NS1, 
antigen NS2, antigen NS3, antigen N54, antigen NS5, an S antigen or 
10 combinations thereof! 

\Wthin a related aspect of the invention, a vector construct is 
provided wiudi directs the expression of at least one imzmmogenxc portion of a 
bq>atiti$ C antigen, or co-expresses ibis antigen in combination with an 
immunomodulaiDry co£actor. Within another embodiment, a vector constnict Is 
15 provided whidi directs the co-eaq}ression of at least one immanogenic portion of a 
hepatitis B antigen and ax least one immunogenic portion of a hqpatitis C antigen. 
Also provided are p h a rm ac euti cal compositioDS comprising the recombinant 
viruses m combrnatian with a pharmaceutically acceptable carrier or diluent 

TOthiu another aspect of the fxresent invention, a method is 
20 provided for destroying hepatitis C cardnoma cells in warm-blooded animals, 
c omprising the step of administerii^ to a warm-blooded animal a vector construct 
which directs the eqpression of an immnnogenic portion of the polyprotein 
antigen, sudi that an immune response is generated. AT^thin other aspects of the 
invention, an imnumom odulatoiy cofactar may also be administered, or expressed 
25 along with an imimmogerdc portion of a h epatitis C antigea 

Wthin a related aspect of the invention, a vector construct is 
provided which directs the expressian of an iipmunogenic portion of the 
polypnitein antigen, or co-aquesses this antigen with an immunomodulatory 
cofactor. Also provided are pharmaceutical compositions comprising tiiese 

30 recomhinam viruses in combination with a pharinacenticalfy acceptable cari^ 
diluent 

Within a fiirther aspect of the present invention, a method is 
provided for treatfa^g duonic hepatitis Infections in wai2n4>looded animals, 
comprising Ifae step of admmistermg to a warm-blooded armnal a vector c^ 
35 vMdi directs the egression of at least one immunogenic portion of a hq)atitis B 
antigen, and at least one imnmnogenic portion of a hqiatitis C antigen, such that 
an inwTT^iTip- response is generated* 
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Vector constructs of the present invention ntay be delivered in a 
variety of ws^ including for exan^e by a recombinant retrovirus, or a 
recomhinant virus selected finom the group consisting of poliovirus, rhinovinis, pox 
virus (e^, the canary pox virus or the vaccinia virus), influenza virus, adenovirus, 
5 parvovirus (e^, the adeno-assodated virus, B19 or MVN), heipes virus, SV40, 
HIV, measles and alpha viruses such as die Sindbis virus and corona virus. In 
addition, the vector construct, or nudeic adds v^di encode the relevant 
imnunogenic portion, may be administered to a patient directly, for example by 
transfectton methods sodi as Iqiofection, direct DNA injecdon, microprojectile 

10 tombardmoit, liposomes, GaF04, or DNA ligand. TTie present invemion also 
provides con^xisitions (induding, for exanqile, various adjuvants) and methods 
suitable for administering the inmnmc^enic proteins themselves, vector constructs, 
retroviral vectors, or retroviral vectors along with immunomodulatoiy cofactors. 

These and other aspects of the present invention will become 

15 evidem upon reference to the followmg detailed description and attached 
drawings. 

Bripf Description of the Drawmgs 

Figure 1 is a sdiemadc ilhistration v^uch outlines the recovery of 
20 Hepadtis Be sequence firQmATCC4SQ20. 

Figure 2 is a diagrammatic representation of the nudeodde 
sequence of HBV {adw) precore/core (SEQ ID. NO. 56) and die corrected 
secjuenoes. 

Figure 3 is a sdiematic representation of the correction of the 
25 deletion in HBe-c sequence from pAM6 (ATOC 45G20). 

Figure 4 is a DNA sequendi^ gel showiiig the corrected nndeotide 
sequences from SK'**HBe-a 

Figure 5 is a diart showing esq^ression of HBVe pivtein. frtun the 
faUowing retrovirally transduced murine cell lines BCIOME, Bl/fi, LrM(TSC), 
30 EIA and retrovirally transduced EBV-transf ormed human B-cell line, JY-LCL, as 
determined by ELISA. 

Figure 6 is a Western blot showing Gqnession of pl7 kD HBV e 
protein semted by retrovirally transduced BCIOME and Bl/6 cells and p22 and 
1*23 kD precore intermediate protems in cell lysates from retrovirally transduced 
35 BCIOME and Bl/6 cells. 

Figure 7 is a graph showmg induction of antibody responses against 
HBVe antigen in Balb/C and C57B1/6 mice injected with syngeneic cells 
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esqiressing the andgea or by dtrect iajection wiih tlie retroviral vector encoding 
HBVe antigen. 

Figure 8 is a diagrammatic representation of vector constmct KT- 
HBV core/B7/BBl which eacptesses both HBV core and B7/BB1 protems. 

5 

Friar to setting £orth the invention, it may be helpfiil to an 
understanding diereof to first define certain terms that will be used hereinafter. 
All r efer ences wbich have been dted below are hereby incorporated by rd^rence 

10 inthdremire^. 

Tnuromogenic portjon" as utilized within the present invention, 
refers to a portion of the respective andgen v^ch is capable, under the 
a^piOjuiate c ondition s, of causing an immune response (£e, ceHnuediated or 
humoral). 'Portions" may be of variable size, but are preferably at least 9 amino 

IS adds long, and may inchide the enture antigen. Representative assays ^ch may 
be utilned to determine immnnogenicit)r i&g.^ c^-mediated immune response), 
are described in more detail below, as well as in Exaiiq)le VL TnRHi>tf*d 
inmmne responses may be mediated through Major Histoconqpatabilily ComplsK 
C'MHCO dass I pt^entation, MHC Class 21 presentation, or both. 

20 TfectffT WBStSBfif refers to an assemb^ which is capable of 

directing the oqpression of the sequence(s) or gene(s) of interest The vector 
construct must inchide promoter elements and preferably indtides a dg^a l that 
directs poly^denylation. In addition, die vector constmct must inchide a 
sequence vM^^ v/bsn. transcribed, is pperabty Unked to die sequence(s) or 

25 gene(s) of interest and acts as a translation initiattoa sequence. Frefeiably, the 
vector construct also includes a selectable marker such as Neo, SV2 Neo, TK, 
Iroromydn, phleomydn, histidmol. or DHFR, as wdl as one or tmne restriction 
sites and a translation t ermination sequence, Inaddition,if the vector contract is 
placed into a retrovimsi the vector construct must indnde a packag&ig signal and 

30 long termmal repeats (LIRs) ^rqpriate to the retrovirus used 0£ these are not 
already present). 

7mmBfffipiQftilfl^ cqfectaf refers to factors which, when 
manufacmred by one or more of die ceils involved in an hnmune response, or, 
vMch \rfien added oragenously to the cells, causes the inmmne rtsponse to be 
35 different m quality or potency from thai whidi would have occuned in die absence 
of the cofactor. The qualily or potency of a response may be measured by a 
variety of assays known to one of skiU m the art indudin^ for example, btvtm 
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assays vMch measure cellular proliferation {e.g.^ ^ thymidiiie uptake), and in 
vitro cytotoxic ass^ (e.^, whidb measure ^k!r release) {see, Warner txs^AIDS 
Res* and Human Retmimses 7:645-655, 1991). Inmmnomodulatoiy cofactors may 
be active both invh^ and acvivo. Representative exanqyles of such cofactois 
5 include cytokines, sudi as interleuldns 2, 4, and 6 (among otfaezsX Bipha 
interferons, beta interferons, gamma interferons, GM-CSF, G-CSF, and tumor 
necrosis fectois (TNFs). Other immunomodulatoxy co£actors inchide, for 
exan^le, CD3, ICAM-1, ICAM-2, LFA-1, LFA-3, MHC dass I molecules, MHC 
class n molecales, B7/BB1, ^mlcrogjiobulin, cte^ycrones, or analogs thereoL 

10 As noted above, the present invention is directed towards methods 

and conqrasitions for treating hepatitis B and C infections, as well as 
hepatocellular carcinomas Briefly, the abiUty to recognize and defend against 
foreign pathogens is central to the function of the nrnmitnft system. This syst^ 
dirou^ inunune recognition, is equable of distinguishing "sdf* from *!nonseJr 

15 (foreign), which is essential to ensure that defensive ooechanisms are directed 
towards invading entities rather than against host tissues. The methods wMcfa are 
described in greater detail below provide an effective means of inducing potent 
class I-restricted protective and therapeutic CTL responses, as well as humoral 
responses. 

20 As noted above, within one aspect of the present invention, a 

method for treating hepatitis B infections in warmblooded ammals is provided, 
oonqnising the step of administering a vector construct to a warm-Uooded antmal 
whidi directs the expression of at least one immunogenic portion of a hepatitis B 
antigen, such that an immune response is generated. 

25 Briefly, the hepatitis B genome is comprised of areolar DNA of 

about 32 kUobases in length, and has been well characterized (Hollais etaL, 
Science 275:406411, 1981; Tmllais et aL, Namre 577:489-495, 1985; and Ganem 
and Vamms, Ann, Rev. Biochmt 56:651-693, 1987). Hie hepatitis B virus presents 
several different antigens, including among others, three HB *S" antigens 

30 (HBsAgs), an HBc antigen (HBcAgX an HBe antigen (HBeAgX and an HBx 
antigen (HBxAg) {see Blum etaL, "The Molecular Biology of Hepatitis B Vims," 
TIG 5(5):154-158, 1989). Briefly, the HBcAg results from proteolytic cleavage of 
F22prBoore intermediate and is secreted from the ceU. HBeAg is found in serum 
asa lykDproteia TheHBcAgi$apn>teinof 183aiimioadds,andtheHBxAgis 

35 a protein of 145 to 154 amino adds, depending on subtype. 

Ihe HBsAgs (designated large," "middle," and "toall") are encoded 
by three regions of the hq)atitis B genome: S, pre-S2 and pre-Sl. The large 
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protdn, iM^ch has a length vaiyiog from 389 to 400 andno adds» is encoded fay 
pre-Sl, pre^ and S regions, and is £aund in glycosylated and nonrglycosylated 
forms. The middle protein is 281 amino adds long and is encoded by the pre-S2 
andSregLons. The smaU protein is 226 amino adds long and is encoded by the S 
5 re^on. Itexistsintwofarm5»^cosylated(GP27^)aiidnon'^ycos^ted(^ 
If eadi of th^ regions are eaquessed sqiaratefy, the pre^l region will code for a 
protein of appr ox i m a T ely 119 ammo adds, the pre^ region win code for a 
protein of approximately 55 amino adds, and the S r^;ion will code for a protein 
of approxiniat^ 225 amino acids. 

10 As wQl be evident to one of ordinary skill in the art, various 

immunogenic portions of the above described S andgens may be combined in 
order to present an immone response when administered by one of die vector 
constructs described harein. In additi o n, due to the large immunological 
variabihly that is found in different geogrs^hic regions for the S open readmg 

15 frame of HBV. particular combinations of andg^ m;^ be ptdtoed for 
administration in particular geogri^hic regions. Briefly, q>itopes that are found in 
an human hepatitis B virus S samples are defined as detmmnant V, MutuaUy 
exdusive subtype determinants however have also been identified by two- 
d imensfon a l double immunodifiiision (Ouchterloi^, iVogr. Alkr^ 5:1, 1958). 

20 These determinants have been designated V or y and V or V (LeBouvier, Jl 
123:671, 1971; Bancroft etaL./. ImmunoL 209M2, 1972; Conronce et al, 
BibL HaematoL ^:l-15a, 1976). Ihe immunological variabilis is due to sin^ 
nudeotide aibstitutions in two areas of die hepatitis B virus S open reading ftame: 
(1) exdiange of lysine-122 to argtmne in die h^atitis B virus S open reading 

25 frame causes a subtype shift from d toy. and (2) exdiange of argmine-160 to lysine 
causes the shift from subtype r tow. In blade Africa, subt^ajw is predominant, 
u*ereas in die U.S. and norfliem Europe die subtype adw^ is mare abundant 
(Molecular Bi(^ cfthe Hqxttids B Vims, McLadilan (ed), CRC Press, 1991). 
As win be evidem to one of ordinary skm m die art, it is generaUy preferred to 

30 construct a vector for admimstradon which ts appropriate to die particular 
hepatitis B vims subtype whidi is prevalent in the geographical region of 
administration. Subq^es of a particular region m^ be determined by two- 
dimensional double hnmunodiffosion or, preferably, by sequencing the S open 
reading frame of HBV virus isolated from individuals within that region. 

35 Also presented by HBV are pol fHBV pd"), ORF 5, and ORF 6 

antigens. Bri^. die polymerase opai reading frame of HBV encodes reverse 
tcanscr^tase activity found in viriom arid core-like partidcs in infected liver. The 
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polymerase protein consists of at least two domains: the amino tennioal domain 
encodes the piotem that primes reverse transcription^ and die carboxyl terminal 
domain iKdiicfa encodes reverse transcriptase and RNAseHact^ Imnmnogenic 
portions of HBV pol may be determined utilizing methods desaribed herein 
5 below and in Examples 12Aii and B), expressed utOizttsg vector constructs 
de scrib ed below, and administered in order to generate an iTTTmntiA response 
within a warm-blooded animal Similar^, other HBV antigCTssach as ORF 5 and 
OKF 6, (NGller et aL, Hepatology 9-322-327, 1989), may be eiqiressed nHtiTitig 
vector constructs as described herein. Representative examples of vector 
10 constructs utilizing 0RF5 and ORF6 are set forth below in Exanq>les2J, 2K and 
5H,5L 

Moleculariy doned genomes whi di encode the hepatitis B vims may 
be obtained from a varied of sources induding, for exan^le, the American lype 
Qilture Collection (ATCQ Rodcville, Maryland). For example, ATCC Na 45020 

15 contains the total genomic DNA of hepatitis B (extracted from purged Dane 
partides) (see Figore 3 of Bhnn et aL, TIG J(5): 154-158, 1989) in the Bam HI site 
ofpBIG22(Moriar^etaUiVoaAtoI^Q2dL5a (Note 
that, as described in Exanq)Ie 2A and as shown in Hgore 2, collectable errors 
occur in the sequence of ATOC No. 45020.) 

20 As noted above, at least one unmunogenic portion of a hepatitis B 

antigen is incoiporated into a vector construct Ibe immunogenic portion(s) 
v^di are incorporated mto the vector construct may be of varying length, 
although it is generally preferred that the portions be at least 9 amino adds long, 
and may indude the entire antigen. Immunogenidty of a particular sequence is 

25 often difficult to predict, althou^ T cdl epitopes may be predicted utilizing 
conqmter algoritiuns aicfa as TSITES (Medlmmune. Maryland), in order to scan 
coding r^^ons for potential T^ietper sites and CTL sites. From tiiis anatysis, 
peptides are syntiiesized and used as targets in an £n vitro cytotoxic assay, such as 
tiiat described in Example 13. Other assays, however, may also be utilized, 

30 induding, for example, EUSA whidi detects tiie presence of antibodies against 
the newiy introduced vector, as well as assays which test for T hdper cells, such as 
gamma-interferon assays, ILr2 produoion assays, and proliferation assays. A 
particularly preferred as^y is described in more detail below in Exanqiie 12B . 

Imnumogenicportioiisni^ also be selected by other methods. For 

35 exanqplc,ihefflAA2.1 transgenic inouse has been shown to be useful as a model 
for human T-cell recognition of viral antigens. Briefly, in the influenza and 
hepatitis B viral systems, the murine T-ccll receptor rqjcrtoire recognizes the 
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same andgenic detenninants recQgoized by Imman T-cells. In botb systems, the 
CTL response generated in the HLA. A2.1 transgenic mouse is directed toward 
virtually the same qntope as those recognized by human CILs of the HLA A2.1 
baplo^ (Vitiello et aL,/, fijp. Med. i7?:1007-1015, 1991; \atiello et aL, Abstract 
5 of Mokatlar Biology cfHepatidsB Vinds Symposia, 1992). 

Farticulaily piefected immunogenic portions £Dr incorporation f nt f> 
vector cQustrocts indude HBeAg, HBcAg, and HBsA^ as described in greater 
detail below in the Examples. 

Ad d ition al immunogenic portions of the hepadtis B virus may be 

10 obtained by tmncatittg the coding sequence at various locadons inrfndiT^g^ fy^ 
exanqile, the foUowing sites: BstUI,Ssp j; PpuMl,andMspI (ValenznelaetaL, 
Natsm 280:815-19, 1979; Valenznela et al. Animal Virus Cenaics: ICN/UCLA 
S]^ MoL Cdimu, 1980t B. N. Fields and R. Jaenisch (eds.), pp. 57-70, New 
Yorlc Academic). Further methods tot determining suitable immunogenic 

15 portions as well as methods are also described below in the context of hepatitis C 
As noted above, more than one immunogenic portion may be 
incorporated mto the vector construct For example, a vector construct may 
duress (eitiier sejmrately or as one construct) all or portions of HBcAg; HBeA& 
HBsA^ HBxAg as well as immunogenic portions of HCV antigens as discussed 

20 b^ow. In addition, the vector construct may also co-express an 
imnumomodulatoiy co£actor; such as alpha int^feron (Ftnt^ etaL, Dn^ 
42(5)1749-7^ 1991; Parent No. 4,892.743; U^. Pat^ No, 4,966,843; WO 
95/m62i Nagata etaL, Namre 284:316-320, 19S0; FamiUetti et at, MeAods in 
Enz. 7&387-394, 1981; Twu et aL, Froa Nad. Acad, ScL USA &S:2O46-2050, 1989; 

25 Faktor etaL, Oncogene 5:867-872. 1990), beta interferon (Seif etaL, J. ViroL 
65:664-671, 1991X gamma interferons (Radtod etaL, TTte American Sodeiy cf 
Hqpatok^ 20082015, 1991; Watanabe etaL. PNAS 56:9456-9460, 1989; 
Gansbadier etaL, Cancer Research 50:7820-7825, 1990; Maio etaL, Can. 
JmnamoL Immunather, SO-MJl, 1989; U^. Patent No. 4,762,791; Patent No. 

30 4,727.138), OOT (U^ Patent Nos. 4,999,291 and 43ia643), GM<SF (WO 
85/04188), TNFs (J^raxaman etaL, /. Imnamdk^ 744:942-951, 1990), 
Xnterleokin- 2 (IL-2) (Kaitqiiah etaL, /, Immunology 744290-298, 199(^ Weber 
et aL, /. £ap. Med. 166im^Vm, 1987; Gansbacher et aL. /. ^ M&L 172:1117- 
1224, mO; VS. P&tent No. 4.738,927), TLA (Tepper et aU Cfeff 57503-5 12, 1989; 

35 Gohunbek etaL, Science 254:713-716. 1991; VJS. Patent No. 5.017,691), ILr6 
(Brakenhof etaL, /. ImmtmaL iJ»:41164121. 1987; WO 90/06370), ICAM-I 
(Altman et aL. Nature JJ«:512r514. 1989), ICAM-2. LFA-1. LFA-3, MHC dass I 
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molccuks, MHC dass n molecules, ^microglobulin^ dbaperones, CD3, 
B7/HBly MHC linked transporter piDterns or analogs tbereoL 

Tlie dioice of which immunomodulatory Go£actor to indude within a 
vector construct may be based upon known therapeutic efEects of the cofactor, or, 
5 caqierimentaHy determined. For exanqile, in chronic hepatitis B infections alpha 
inter£enm has been found to be efficacious in compensating a patienfs 
imnmnological deficit, and thereby assisting recoveiy from the disease. 
Alternatively, a suitable immunomodulatoiy co£actor may be e]q>erimentally 
determined. Briefly, blood sanq)les are first taken from patients with a hepatic 

10 disease. Per^heral blood lymphocytes (PBLs) are restimulated in vitro with 
autologous or HLA matche4 cells (e.g*, EBV transformed cells), and transduced 
with a vector construct whidi directs the expression of an immunogenic portion of 
a hepatitis andgen and the immunomodulatory cofiactor. Stimulated FBL& are 
used as effectors in a CTL assay with the HLA matched transduced cells as 

15 targets. An increase in CTL response over that seen in the ^uneass^ performed 
using HLA matched stimulator and target cells transduced with a vector encoding 
the antigen alone« indicates a useful imnumoxnodulatoxy cofactor. 

Molecules which encode the above-described inmnmomodulatory 
cofoctors may be obtained from a variety of sources. For example, plasmids which 

20 contain these sequences mf^ be obtained from a depository such as the American 
lype Culture CoUecdon (ATCC; Rodcville, Maryland^ or from commercial 
sources such as Bridsb Bio-technology limited (Cowdey, Oxford En^and). 
Representative examples indude BEG 12 (containing the GM-CSF gene coding 
for the mature protein of 127 amnio adds), BEG 6 (^ch contains sequences 

25 encodmg gamma inteiferonX ATCC No. 39656 (whidi contains sequences 
oicoding TNF), ATCC Na 20663 (^ch contains sequences encoding alpha 
interferonX ATCC Nos. 31902, 31902 and 39517 (which contains sequences 
flooding beta interferon), ATCC Nos. 39405, 39452, 39516, 39626 and 39673 
(which contains sequences encoding lntaieukuir2), ATCC No, 57592 (vi^ch 

30 contains sequences encodu^ Imerleukiii-4), and ATCC 67153 (viiuch contains 
sequences encoding Interieukin-6). 

In a similar maimer, sequences which encode inununomodulatoiy 
cQ&ctors may be readily obtained from cells which express or contain sequences 
which encode these co&ictors. Briefly, withm one embodunent, primers are 

35 prepared on either side of the desired sequence, ^cb is subsequently anqilified 
by PCR (icc U.S, Patent Nos. 4,683,202. 4,683,195 and 4,800,159) {see also PCR 
Tedmolagy: Prindples and Applications for DNA Ampl^icatian^ Erlich (ed.). 
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Stodcton Pr^ 1989). la particular, a double^stranded DNA is denatured by 
heating in tbe presence of heat stable Taq polymerase, sequraice specific DNA 
primers, ATP, CIP, G1P and TIP. Double^ttanded DNA is produced vAxca 
synthesis is con^lete. This cyde may be rq^eated xnai^ times, resulting in a 
5 factorial anq^lification of tbe desired DNA. 

Sequences winch encode imnnmomodulatoxy oofactais may also be 
syndiesize4 fiir example, on an Applied Biosystems Ina DNA synthesizer (eg;, 
ABI DNA synthesizer model 392 (Foster aiy,Califoniia)), Such sequences may 
also be linked together throng complementaiy ends, followed by PGR 

10 anqiJificaiion (Vent po^merasc, New England Bicraiedical, Beverly, 
Massachusetts) to form long double-stranded DNA molecules (Foguet etaL, 
Biotedimques I3:674-(?75, 1992). 

Once an immunogenic portion(s) (and, if desired, an 
immunomo du latory co&ctor) have been selected, genes wbidx encode diese 

15 proteins are placed into a vector construct which directs their fiqwessioa In 
general such vectors encode onty these genes, and no sdeoable marker. Vectors 
encoding and leading to expression of a specific antigen and inmmnomodulatoiy 
cofector be readily constnicted Iqr those skiUed in the art In particular, 
construction of vector constructs as well as administration of retroviral constructs 

20 fay direct injection is described in greater detail in an plication entitled 
•Recombinant Retroviruses" (U.S.S^. 07/586,603, filed September 21, 1990). 
Tliese vector constmcts may be used to generate transduction con^jetent 
retroviral vector particles by imroducu^ them into ^ropriate packaging ceU 
lines U^JSJ^. 07/80a921) in order to generate producer cell Hues for the 

25 production of retroviral vector partide which are replication inconrpetent 

Various ass^ inay be utilized in order to dete<A ihe presence of any 
iq»licationconq>etent infectious retroviruses. One preferred ass^ is the extended 
S'^L' assEQr described in Exarzq>le 8. 

Wthin a particularly preferred embodhnent, vector constructs m^ 
30 be constructed to indude a promoter such as SV40(wKri^eretal,C£^ 

1984). cytomegalovirus (TMV^ (see Boshart et aL, ^1:521-530, 1991), or a^ 
internal ribosomal binding site (TRBS"). Briefly, with respect to IRBS, the five 
prime untranslated region of ±e inmmno^Jobulin heavy diain binding protdn has 
been shown to sappan flie internal engagement of a bidstronic message (see 
35 JaceiakandSarnow,itoi£reJ5JSa.94. W^^^ Hds sequence is smaH (300 bp), 
and may readily be mcorporated into a retroviral vector in order to expre^ 
multiple genes from a multi-dstronic message whose dstrons begm with this 
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sequence. A representative vector construct utili^ng IRBS is set foitb in more 
detafl below in Examples 6C and 6I>. 

In addition, vector constructs may also be developed and utilized 
with other viral carriers tncfaiding, for example^ poliovinis (Evans et aL, Nexturs 
5 J59:385-38a, 1989; and Sabin, /. BioL Standmdaation 7:115*118, 1973); zbinovirus 
(Arnold,/ Cell Biochem. L401-4Q5, 1990); pox viruses, sacb as canaiy pox virus or 
vacctnia virus (Fisher-Hocb etaU PNAS 66317-321, 1989; Flexner etaL, Am. 
NJT. Acad, Sd 569*^103, 1989; Flexner et aL, Vacdne iS:17-21, 1990; U^. Patent 
Nq&, 4403,112 and 4,769^30; WO 89/01973); SV40 (MulHgan cxsd^' Nattm 

10 277:108-114, 1979); influenza vims (Luyq'es etaL, Cfeff 59:1107-1113, 1989; 
McKficheal et aL, N. Btg, 7. Med 5^13-17, 1983; and Yap et aL, Nature 27303^- 
239, 1978); adenovirus (Berkner, Biotechniques 6:616-627, 19S8; Rosenf&ld etal^ 
Sdmce 252:431-434, 1991); parvovirus such as adeno-assodated virus (Samulski 
etaL. / Vjt. 65:38223828. 1989; Mendelson etaL, Virol i6d:154-16S, 1988); 

15 herpes (Kit, Adif. fijx Med Biol 275219-236, 1989); SV40; HIV (Poznansl^, / 
VtoL 65:S32-53d, 1991); measles (EP 0 440,219); Sindbis virus (Xiong etaL, 
&3ence 254:1188-1191, 1989); and corona virus. 

Once a vector construct has been prq^ared, it may be administered 
to a warm-blood^ animal in order to treat a hq^atitis B infectton. Methods for 

20 administering a vector construct via a retroviral vector (sudi as by direct injection 
of the retroviral construct) are described in greater detail in an application 
entided lleoombinam RetrDvirnses** QJSJ^. (n/5S6,6(B). Sncfa methods 
inchide, for exanqile, tiansfection fay methods utilizing various physical methods, 
such as Iqjofection (Feigner et aL, Proc Natl Acad ScL USA ^:7413-7417, 1989), 

25 dirett DNA injection (Acsadi et aL, Nature 552:815-818, 1991); microprojectile 
bombardment (V^Diams et aL,PA^^^S:2726-273Q^ 1991); l^osomes (Wang et aL, 
PNAS W:7851-7855, 1987); CsifO^ (Dubensl^ et aL, PNAS 57:7529-7533. 1984); 
or DNA Ugand (Wu et aL, / Biol Chem. 264:16985-16987, 1989), In addition, the 
vector construct, or nudeic adds whidi encode the relevant inminnogenic portion, 

30 may be administered to a patient directly, for exanq>le by transfoction meiiiods 
such as tipofocdon, direct DNA injection, microprojectile bombardment, 
iiposomes, CBPO4, or DNA l^gand. Cbnq>ositions and methods suitable for 
administering imnnmogenic proteins tbenselves, vector constructs, viral vectors, 
or viral vectors along with immunomodulatoiy co£actors, are discussed in more 

35 detailbdow. 

li^nthin another aspect of the present invention, a method is 
provided for treating hepatitis C tnfecdons, conqnising the step of administering 
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to a waim-blooded animal a vector constnict winch directs the expression of at 
least one inmmnogemc portion of a hepatitis C antigen, such that an immune 
response is ge nera ted* Brie^. as noted above, hepatitis C (non-A, non- B 
hepatitis) is a common disease that acconnts for more tiban 90% of the 
5 cases of hepatitis that develop after transfusion (Choo et aL, Science 244-359-362, 
1989). Most information on NANB hq>atiti5 was derived from diinqianzee 
tr ansmissio n studies whidi showed that NANB hepatitis was present in most 
human infections at titers of only 10^ ^ 1(P QD/ml (dump infectious doses per 
ml). Ill addition, the disease was found to cause the appearance of distihctrve, 
10 membranous tubules widiin the hepatocytes of eq^erimentally infected 
dumpanzees. This "tubule^onning" agent was subsequent^ termed hepatitis C 
virus (HCV). 

Tbe genomic RNA of HCV has recent^ been determined to have a 
sequence of 9379 nucleotides (Choo etaL, Proa NaO, Acad. ScL USA fi8:2451- 

15 2455. 1991; Choo etaL, Brat Med BuH 46(2):423-441. 1990; Okamoto etaL, 
J,GerL Vt. 72:2697-2704, 1991; jee a!so Genbank Accession No. M67463, 
ImelligHietics (Mountam View, California). The sequence encodes a polyprotdn 
precursor of 3011 amino adds, v^cb has signi'firant homology to proteins of the 
fiavivirus femily. The polyprotem is believed to contain several different viral 

20 proteins, including C (nucleocjq)Sid protein) El, E2/NS1, and non^stmctural 
protdns NS2, NS3. NS4, and NS5 CHougJiton et aL, H^oohgy J«81-388, 1991). 

As noted above, within one embodiment of tiie present invention^ at 
least one immunogenic portion of a hqiatitis C antigen is incorporated into a 
vector construct Preferred immunogenic pQrtion(s) of hqpatitis C may be found 

25 m the C and NS3-NS4 regions since these regions are the most conserved amnng 
various types of hepatitis C virus (Houghton ttsH^Hepatohgy 74381-388, 1991). 
Particulariy preferred immun<^enic portions may be detemuned by a varied of 
methods. For example, as noted above for die hepatitis B virus, identification of 
immunogenic portions of the potyprotein be predicted based iqjon amino add 

30 sequence. Briery, various conqrater programs whidi are known to those of 
ordmary skin in the an may be utilized to predict T ceU epittqjes, wM^ 
possess an immnnogenic anq)hq)athic alpha-helix, T cell epitopes may be 
predicted utilmng conqmter algorithms sudx as TSites (Medlmmnne, Maryland), 
m order to scan codmg regions for potential T-h^)er sites and Cn^si^ Ihis 

35 analysis is primarily based xxpon (1) structural properties of the proteins 
(prindpalfy a^ha-helical periodicity and an?>hq)athidty), and (2) motife found m 
sequences recognized by MHC Class I aiul Class II molecules. In general 
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however, it is preferable to deteriEiine lnmmnogemdty in an assay. 
Representative ass^ indude an ELISA whidi detects the presence of antibodies 
against a neMiyimroduoed vector, Exan^le 12B, as well as assays vdiicfa test for T 
helper cells, such as ganuna-interfenm assays, JLr2 production asssrys, and 
5 proli£eratianass^ as desmbed in Example 12C A particolazly preferred assay is 
described in mote detail below in Exanqile 12AL 

IronumQgenic proteins of the present invention may also be 
manqnilated by a variety of methods known in the art, in order to render ihem 
more inmmxtogeni& Representative exanqiles of such methods iTyrff^r^e' adding 

10 amino add sequences that correspond to T helper epit(^>es; promoting cellular 
uptake by adding hydrophobic residues; by foimixig particulate structures; or ai^ 
combination of these (see genemHy^ Han» op. dt, Nfilich et aL, Ftoc Natl Acad, 
S<± USA £5:1610^1614, 1988; ^Wllis. Nature 3^0-323-324, 1989; Griffiths etaL, 
/, VliU 65:450456, 1991). 

15 Preferred inununogenic portions may also be seleoed in the 

following manner. Briefly, blood sanq»les from a patient with HCV are anafyzed 
with antibodies to hidividual HCV polyprotein regions (e^, HCV core, £1, 
E2/SNI and NSZ-KS5 regions), in order to determine v^ch antigenic fragments 
are present in the patient's serum. In patients treated with aJ^ha interferon to 

20 give tenqK>raiy remission, some antigenic determinants will disappear and be 
supplanted hy endogenous antibodies to the antigen. Such antigens are useful as 
immunogenic portions within the coirtext of the present frivention (Hayata et aL, 
Hqiatt^gy 75:1022-10128, 1991; Davis et aL, iV. Btg, I Med. 32I:1S01-150&, 1989). 

Once at least one immunogenic portion of hqiatitis C (and, if 

25 desired, immunomodulatory coCactors and/or iiruimnogenic portions of HBV as 
discussed above) has been selected, it may be placed iruo a vector construct which 
directs its cjqiression. As described above for hepatitis B therapeutics, various 
recombinant viral vectors may be utilized to cany the vector construct inrinHing^ 
for example, recombinant retniviruses (jee, U.S^SJ>I. 07/586^603)^ In addition, as 

30 noted above, vector constructs m^ be developed and utilized with other viral 
carriers indudipg, for example, poEovirus, rhinovirus, pox virus, canary pox virus, 
vaccinia virus, influenza virus, adenovirus, parvovirus, adeno-assodated virus 
herpes virus, SV40,HtV,iiieasles,Siiidbis virus and corona virus. In addition, tibe 
vector construct, or nucleic adds which encode the relevant immunogenic portion, 

35 may be administered to a patiem duecdy, for example by transfection methods 
such as l^Kifection, direct DNA injection, microprojectile bombardment, 
liposomes, CaP04, or DNA ligand. ConqKisitions and methods suitable for 
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adnmiistering iTmnui iQgemc proteins liieniselves, vector oDDstmcts, viral vectors, 
or viral vectors along with immanoniodulatoiy co&ctors, are discussed in moi^ 
detail below. 

Within other aspects of the present invention, methods are provided 
for destroying hepatoma cells. Briefly, hepatoceUular carcuioma is the most 
common cancer worldwide. It is responsible for approximalely 1,000,000 deaths 
aimaally, most of them in China and in snb-Saharan Africa. Hiere is strong 
evidence of an etiotogic role for hepatitis B infection in hqiatocelhil^ 
Carriers of tiie HBV are at greater than 90 times higher risk for hepatocelhilar 
cardnoma than noncarriers. In mai^ cases, hepatitis B virus DN A is integrated 
widiin the cellular genome of the tumor. Similar^, hepatitis C vims has also 
recent^ been determined to be associated with hepatocelhilar carcinoma, based 
upon the observation that dwaOating HCV antibodies can be found in some 
patients with hepatocelhilar carcinoma. At present, surgical resection ofEen the 
15 only treatment for hepatocdlular cardnoma, as dicmotheiapy, radiotiierapy, and 

iinmmmtherapy have not shown nmch promise (Colonibo et aL, Ziomxr 1006-1008, 
October 28, 1989; Bisc^ etaL, Ann. of bitemd Med. 108390^1, 1988; 
Watanabe etaL, Jut /. CB«cer4ft340-343, 1991; Bisceglie ctaL. Xmer. /. Gastr^ 
S&S^-m, 1991). 

20 Within another aspe<a of tiie present invention, a method is 

provided for destroying hepatitis B cardnoma cdls coniprisiiig the step of 
admmistering to a warm-blooded ammal a vector construct whidi directs the 
eq)ression of an immunogenic portion of antigen X, such that an immnne 
response is generated. Sequences which encode die HBxAg m^ readily be 

25 obtained by one of sldUm the art ^ven the disclosure pro^ Briefly, 
withm one embodhnoit of the present invention, a 6 12 bp Nco I-Sal I is recovered 
from Aire 4502a and mserted hito wctor constructs as described above for 
other hepatitis B anti^ais. 

The X antigen, however, is a known transactivator whidi ms^ 

30 fimction in a manner shmlar to other potential oncogenes (C;g:,ElA). Thus,itis 
generaUy preferahte to fct alter &e X antigen sudi tim the gene pn>d^ 
tumorigenic before inserting it fato a vector construct Various metijods may be 
miliar to render die X antigen non-^oii^gemc induding, for example, by 
truncation, pomt mutation, addition of premature stop codons, or phosphorylation 

35 site alteration. Wtfain one embodiment, the sequence or gene of interest wMdi 
encodes the x andgen is truncated Truncation may produce a variety of 
ftagmenls, altfaou^ it is generafly preferable to retain greater than or equal to 
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50% of the encodiiig gene sequence. In addition, it is necessaiy that any 
truncation leave intact some of the fmmnnogenic sequence of the gene product. 
Alternatively, within another embodiment of the tnventioD, multiple translatianal 
tennination codons may be introduced into the gene wdncfa encodes the altered X 
5 antigen. Insertion of tennination codons prematurely terminates protein 
eaqnression, thus preventing esqiressum of the transforming portion of the proteizL 

Tlie X gene or modified versions thereof may be tested for 
tumoxigenidty in a variety of ways. Representative ass^ tndude tumor 
formation in nude mice (see Example 14A), coloiiy formation in soft agar (^ee 

10 Example 14B), and preparation of transgenic aniTiinig, such as transgenic mice. 

*nunor formation in nude tnioe or rats is a partici4arty important 
and sensitive method for determining tumorigenicity. Nude mice lack a functional 
cellular immune system (te, do not possess CTLsX ^ therefore provide a usefol 
in vivo model in widdti to test the tumorigenic potential of cells. Normal tioiH 

15 tumorigenic ceUs do not display uncontrolled growth properties if infected into 
made mice. However, transformed cells will rapidly prolifeiate and generate 
tumon in nude mice. BneSyi in one embodimeot the vector construct is 
a d mfm'ste red to syngeneic murine cells, and the cells iigected into nude rruce. Hie 
mice are visuaHy examined for a period of 4 to 16 weeks after injection in o^ 

20 determine tumor growth. Hie mice may also be sacrificed and autopsied in order 
to determine v^ether tumots are present {GitmnellR et^ J, NatL Cancer Inst 
^^1531*1533, 1972; F^iresz etal, 1\m:iorigemci^ testing of cell lines considered 
for producdon of biological drugs." Abnormal Cells, New Products and Risk, 
Hopps and Petricdani (cds.). Tissue Culture Association, 1985; Levwibook et aL, 

25 J.BiolSuL23:)3S'Ul,19SS), 

Tumorigenicity may also be assessed by visnalizmg coloiiy formation 
in soft agar (MacPherson and Montagnier, UmL 23t291'294^ 1964). Briefly, one 
pniper^ of normal noiHtumorigenic cells is anchorageHlependem growth. More 
specifically, normal non-tumorigenic cells win stop proUfezadon when they are 

30 plated in a semi-solid agar support medium, whereas tumorigenic cells will 
continue to proliferate and form colonies in soft agar. 

Transgenic animals, such as transgeidc mice, m^ also be utilized to 
assess the tumorigenicity of an immunogenic portion of antigen X (Stewan et aL, 
Cteff 3&627-637, 1984; Ouaife etaL, Caff 48:1023-1034. 1987; Koike etaL, Proc. 

35 NatL Aea± ScL USA 565615-5619, 1989). In transgenic animals, the gene of 
interest be expressed in all tissues of the animal (see generalfy, WO 
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90/08832). Has dysiegulated ei^ression of the transgene may serve as a model 
for ihc tmnorig^iic potential of the newly introduced gene. 

As noted above, once an inuminogenic portion of antigen X has 
been selected (v^dch is preferabfy non-tumorigemcX it may be inserted into a 
5 vector constnict as desaibed above, and earned by a recombinant vir^ Asnoted 
above* vector constructs of the present invention may be carried in a vari^ of 
MOOTS induding, for exan^le, by a recombinant retrovirus, or a reooni^^ 
selected from the group consisting of poliovirus, rhinovtnis, pox virus, canaiy pox 
vims, vaccinia vims, infhienTa virus, adenovims, parvovirus, adeno-assodated 

10 viroshecpes vims, SV40, HIV, measles, corona and Sindbis virus. In addition, the 
vector constnict, or nudeic adds Mdiidi encode the relevant immunogenic portion, 
may be admimstered to a patient directly, fior exanq)le, by transfection metiiods 
Bich as lipofection, direct DNA u^ection, ndcroprqje^e bombardment, 
I^msomes, CaF04, or DNA ligand. Con^positions and methods suitable 'for 

15 ad im'Tiiiffftn'Tig inmnmogenic proteins diemsdves, vector constmcts, viial vectors, 
or viral vectors along with ummmomodulatoty co£actois, are discussed in more 
detail below. 

Withm anoflier aspect of the present nxvention, a method is 
provided for destroying hepatitis C carcinoma cells comprisnig the step of 

20 adnunisteripg to a waxm-blooded animal a vector construa whidi directs the 
expression of an immunogenic portion of a hepatitis C antigen. Preferred 
immunogenic portion(s) of a hepatitis C antigen may be found in the polyprotein 
whidi contams the Core antigen and theNSl-NS5 r^ons (Oioo etaL.iVoc NatL 
Acad. ScL USA SS:2451-2455. 1991). P&rticulaily preferred immunogenic portions 

25 may be detennined by a variety of methods. For exanqile, as noted above 
preferred hnmnnogenic portions may be predicted based iqjon amino add 
sequence. Briefly, various iximputer programs whidi are known to those of 
ordinaiy skiU in the art may be utilized to predict T cen q)itqpes, 
possess an iinnmnogemcan^ih^iathicalpha-faelijc. Another method that may also 

30 be utihzed to predict immunogenic portions is to determine whidi portion has the 
property of CTL induction in mice utilizmg retroviral vectors {see, Warner et aL, 
AIDS Res. and Human Retruvimses 7:645-655, 1991). As noted within Warn^ 
et aL, CTL mduction in mice may be utilized to predict cellular imnran^ 
humans. Preferred imnnmpgenic portions m^ also be deduced by determming 

35 vMdx fragments of the polyprotein antigen or peptides are capable of causing lysis 
by autologous patient lyn9)hocytcs of target cells (e.g:, EBV transduced 
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lymphocytes) eiqiressijig the jEragments after vector transduction of the 
oorrespondlDg genes (Exaniple 13). 

As noted above, once an immunogenic portion has been selected, it 
is general^ preferable to ensure that it is non-tumorigenic. This may be 
5 acconqilisbed by a varie^ of methods, including for example by trnncation, point 
itmtatinn, addition of premature stop codons, or phosphorylation site alteration. 
Hie polyprotein antigen or modified version thereof may also be tested for 
tumorigenicity utilizing the aboveHlescribed methods, or by the methods described 
inExanqile 14, 

10 Inmmnogemc portion(s) (as well as immunomodulatcny co£actors, if 

desired) may then be inserted into a vector construct, and carried by a 
recombinant virus as desaibed above. Additionally, as should be evident to one 
of ordinaiy skQl in the art, vectors as described above for the treatment of acute 
and chronic HCV infection may also be utilized to treat hepatocellular carcinoma 

15 linked HCV infections. Conqiositions and methods suitable for administering the 
immunogenic proteins themsebres, vector constructs, viral vectors, or viral vectors 
along with immunomodulatory oo&ctors, are discussed in more detail below. 

Witidn another aspect of the present invention, vector constructs 
may be prepared v^ch direct the co-expression of several of the above described 

20 imnnmogenic portions (as wdl as inmmnomodulatoiyco-factois, if desired). For 
example, within one embodiment vector constructs im^ be prepared wfaidi direct 
the co-eaqjression of both an jmrnunngemc portion of the hqiatitis B antigen^ as 
wen as an inmmnogenic portion of the hepatitis C polyprotein. Such constructs 
may be administered as described above and below, in order to prevent or treat 

25 acute and chronic hepatitis infections of either ^peB or C Similarly, within other 
enobodiments vector constructs may be prqiared udndi direct the a 
both an immunogenic portion of the hepatitis B X antigen, as well as an 
immnnogemc portion of the hepatitis C polyprotein. Such constructs may 
similarly be administered in order to treat hepatocellular carcinoma of whidi is 

30 associated with either hepatitis B or C In addition, because those individuals 
chronically infected with hepatitis B and C are at higher risk for developing 
hepaioceOular carcinoma, sudi a vector may also be utilized as a prophylactic 
treatment for the disease. 

As noted above, various methods may be utilized to administer 

35 vector constructs of the present invention, or nuddc adds whidi encode the 
immnnogemc ponion(s) discussed above, to warm-blooded animals such as 
humans, directly (Qiriel et aL, Human Gene and Therapy 5:147-154. 1992). 
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In addition, an immune response Ondudxng OIL) may also be 
genetated by adnuzdstration of a bactexia which esqiresses the innnunogenic 
portion(s) discosscd above on its cell sux&oe. R^es^tative examples indnde 
BCXj (Stover, Niature 55i:456458, 1991) and salmonella (Newton etaL, Science 
5 24^^70-72,1989). 

Cdl mediated and humoral responses may also be induced against 
hepatitis by paienteial administration of the immnnogenic portion(s) discussed 
above. Biiefly,imnmnogenicportionscariyiQgrelevant epitopes can be produced 
in a number of known ways (Ellis and Gerety, /. Med. Vlml J754-58, 1990), 

10 including chemical syndesis (Bergot et aL, AppUed Biosystems Peptide Synthesizer 
UserBuUetin No. 16, 1986, Applied Biosystems, Foster Qty California) and DNA 
eaqjression in reco mbinant systems, such as the insect-derived baculovinis system 
(Doeifler, Current Topics in Immunology ISVJSX-^ 1986X mammalianrdeiived 
systems (snch as CHO cells) (Barman etaL,/. ViroL 63:3489-3498, 1989), yeast- 

15 derived s^tems (McAlecr etal. Nature 507:178-180), and prokaiyotic systems 
(Burrel et al.. Nature 279:4^7, 1979). 

The proteins or peptides may then be purified by conventional 
meaiB and delivered fay a number of methods to induce cell-mediated responses, 
indttduxg dass I and dass n responses. These methods indude the use of 

20 adjuvants of various types, sudi as ISOOMS (Morein, Jmmmology Letters 2S*J2B1' 
284, 199(h Takahashi et aL. Nature 344:m^Sm, 1990), Hposomes (Geigoriadis 
etaL, Vacdne 5:145-151, 1987X Iqrid coijngation (Deres ctaL, Namre 342^61- 
564, 1989), coating of the pqrtide on autologous cells (Staexz etaL, Nature 
529:449-451, 1987), pinosomes (Moore etaL, (iff 54:777-785, 1988), aktm, 

25 conqilete or inconq)IeieFreund's adjuvants (Hart etaL,iVocAr^ USA 
88:9448*9452, 1991), or various other nsefiil adjuvants (e^, Allison and Byars, 
Vaasnes S7-5&59, Cold Spring Hariwr Laboratoiy, 1987) tiiat allow ^Eective 
parenteral adnnnistndan (litwn et^ Advances ^ AIDS Vaccine Devdopment, 
Fifdi Annual Meetipg of die National Vacdne Development Gnn^ for ADDS, 

30 August 30, 1992). 

Alternatively, the proteins or pqrtides corresponding to the 
immunogenic portion(s) discussed above can be encapsulated for oral 
admniistration to didt an immune response in enteric csq)sules (Chamiock etaL, 
lAmer, Med Assoc 795:445452, 1966) or other suitable carrieis, sudi as poly 

35 (DL-lactide-co-gtycolate) spheres (Eldridge etaL in Proceedings of the 
bitemational Confe r ence on Advances in AIDS Vacdne Devdopment, DAIDS, 
NIAID, U.S. Dqn of Health & Human Services, 1991) for gastrointestinal rdease. 
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, As noted above, inmumogenic proteins of the present invention may 
also be manipulated by a variety of methods known in the art, in order to render 
di^ more immmiogenic. Representative exanq>les of such methods indude: 
adding amino add sequences diat correspond to T helper q)itt^}es; promoting 
5 celhilar uptake fay adding hydrophobic residues; by forming particulate structures; 
or any oombmadon of these {see gaiendfy^ Hart, op. dt» Nfflidi et aL, Ptx)c NatL 
Acad. ScL USA ^:1610-1614, 1988; Wilis, Nature 340323^324, 1989; GrifQtbs 
et aL,/ VimL 65:450456, 1991). 

Within preferred embodiments of the present invention, 

10 phaimaoeudcal compositions are provided conqirising one of the above described 
recombinant viruses, such as a recombinant retrovirus or recombinaxit virus 
selected from the group consisting of poliovinis, rhinovirus, pooc virus, canary pox 
virus, vaccinia virus, infhiftnTa virus, adenovirus, parvovirus, adeno-associated 
virus herpes virus. SV40t HIV, measles, corona and Sindbis vbros in combination 

15 with a pfaannacentically acceptable canier or dihxeot The conqxxsidon may be 
prepared either as a liquid sohition, or as a solid form (e^» lyophilized) which is 
snq^ended in a solution prior to adrmnistratioiL In addition, the compratian may 
be prepared with suitable canieis or dihients for either iiijection, oral, or rectal 
adnunistration. Generally, the reconibmant virus is utilized at a concentration 

20 ranging from 0.25% to 25%. and preferably about 596 to 20% before formulation. 
Subsequently, after preparation of the composition, the recombinant virus will 
constitute about 1 ug of material per dose, with about 10 times tins amount 
material (10 ^g) as copurified contaminants- Preferably, the composition is 
prq>ared in 0.1-1.0 ml of aqueous sohition formulated as described below. 

25 Pharmaceuticaliy acceptable carriers or dihients are nontoxic to 

redpients at the dosages and concentiations einplpyed. Represeutative exanqjles 
of carriers or dihients for injectable sohitions indude water, isotonic saline 
sohitions whidi are preferably buffered ax a pbysiological pH (such as phosphate- 
buffered saline or Tris-buffered saline^ mannirol, dcxtn^ glycm>l, and ethanol, 

30 as weU as polypqitides or pn>teins sudi as human s^rum alburniiL' Aparticulariy 
preferred oompt^tion coisprises a vector or recombinant virus in 10 mg/ml 
mannitol. 1 mg/ml HSA, 20mM Tris, pH 72 and 150 mM NaCL In this case, 
fflnce tiie recombinam vector represents q)proxiinately 1 |ig of ™tffrial, it may be 
less tiian 1% of high molecular wdght material, and less than 1/100,000 of the 

35 total material (indnding water). This conation is stable at -70T: for at least six 
months. The composition m^ be injected intravenously (Lv.) or subcutaneously 
(s.c), ahthougb it is generally preferable to inject it intrarausculariy (Lm.). The 
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individaal doses normalfy used are 10^ to IdP clLu. (colony £oniiiiig units of 
neoniydn lesistanoe titered on HT1080 cells), tliese are admimstered at one to 
four week imeivals for three or four doses imtiaSfy. Subsequent booster shots may 
be given as one or two doses after 6-12 months, and thereafter annually. 
5 Oral formulations may also be employed with cairieis or dfln^tg 

sudi as cellniosey lactose, mamutol, poly (DLrlactide-co-^yoolate) spheres, 
and/or carbohydrates such as starch. The composEtion may take tiie form o^ for 
exsanpl^ a tablet, gel cqisule, pill, solution, or susp^isioQ, and additionally may 
be formulated for sustained release. For rectal administration, preparation of a 

10 soppositoxy may be accomplished with traditional carriers such as polyaDcalene 
^uoose, or a triglyceride. 

As noted above^ the vector construct may direct expression of an 
immunomodulatoiy oo&ctor in addition to at least one immunogenic portion ai a 
hepatitis antigen. If the vector construct, however, does not express an 

15 immuno m o dulatoiy oo&ctor which is a cytokine, this cytokine m^ be inchided in 
tbc above-described compositions, or be administered separately 

(cuucurrently or subsequently} with the above-described compositions. Bziefiy, 
within such an embodiment, the immnnomodulatpiy cofactor is pref^ably 
administered according to standard protocols and dosages as prescribed in The 

20 Ph^^adan'sDeskReferaice. For exanqile, alpha interferon may be administered at 
a do^ge of 1-5 miDion imits/day for 2-4 months, and ILr2 at a dosage of 10,000- 
100,000 units/kg of body weight, 1-3 times/d^, for 2-12 weeks. Gamma 
tnterfoon m^ be administered at dosages of 150,000-1400,000 U/m 2-3 
times/week for 2-12 weeks. 
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The following examples are offered by way of Ohistration and not by 
wsQT of fimitatiOD. 

5 EXAMPLEl 

Isolation of HBV e/oorb Sequence 

A L8 Kb BamH I fragment containing the entire precoie/core 
10 coding region of hepatitis B is obtained from plasmid pAM6 (ATCC No 45020) 
andligatedintotheBamHIsiteofKSn'^ (Stratagene, La Jolla, California). This 
plasmid is designated KS II''' HBpc/c» Figure L Xbo I linkers are added to the 
Sta I site of precore/core in KS HBpc/cand the resulting 877 base pair Xho 
I-Hinc n precore/core fragment is doned into the Xho I/Hinc n site of SK II'*'. 
15 This plasmid is desigaatedSK'''HBe, Figure L 

Preparation op Sbquences UnuziNQ PGR 

20 A Stfr-Pffpctfid Mutagenesis of HBV e/core Seouences IMfa^ny PrR 

The precore/core gene in plasmid KSn HB pc/c is sequenced to 
determine if the precore/core coding r^gLon is correct Tliis sequence was found 
to have a angle base-pair deletion whidi causes a frame shift at codon 79 that 
rKuhs in two consecutive in-frame TAG stop codons at codons 84 and 85. Figure 

25 Z This ddetion is corrected by PCR oveilap extension (Ho et aL, 

1989) of the precore/core coding region in plasmid SK*^ HEe. Four 
cdigonudeotide primers are used for the 3 PGR reactions performed to correct the 
deletion. 

The first reaction utili2es two primers. The sense primer sequence 
30 corresponds to the nucleotide sequence 5 to 27 of the adw strain and contains two 
Xho I restriction sites at the 5* end. The nudeotide sequence numbering is 
obtamed from Genbank (Intelligenics, Ino, Mountain >^ew, California). 

(SEQUENCE ID. NO. 1) 
35 S-y: ore GAG CTC GAG GCA CCA GCA CCA TXic AAC TTT 

TT 
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The second primer sequence conesponds to the anti-sense 
nucleotide sequ^ice 2158 to 2130 of the adw strain of hepatitis B virus and 
Indndes codons 79, 84 and 8S« 

5 (SEQUENCE ID. NO^) 

y-S': CTA CTA GAT OSC TAG ATG CTG GAT CTT CC 
The second reaction also utilizes two primers. The sense primer 
which conesponds to nucleotide sequence 2130 to 2158 of the adw strain and 
indades codons 79, 84 and 85. 

10 

(SEQUENCE ID. NO. 3) 

y-3': GGA AGATCCAGC ATCTAGGGATCIAGT AG 

Hie second primer corresponds to die anti-sense nucleotide 

sequence from SK**" plasmid polylinker downstream from codons 84 and 85. 

15 

(SEQUENCE ID. NO. 4) 

5^-3": GGG CGA TAT CAA GOT TAT CGA TAC CG 
The third reaction also utilizes two primers. Hie sense primer 
which coiresponds to nucleotide sequence 5 to 27 of the adw strain and contains 
20 two Xho I restriction sites at the 5* end. 

(SEQUENCE ID. NO. 1) 

F-y: CrC GAG CrC GAG GCACCAGCA (XATGC AAC TIT 

TT 

25 The second primer sequence conesponds to the anti-sense 

nucleotide sequence from the SK"*" plasmid pol^inker downstream from codon 84 
and 85. 

(SEQUENCE ID. NO. 4) 

30 S'-y: GGGCGATATCAAGCTTATCQATACCG 

The fiist PGR reaction correcis the deletion in tiie antisense strand 
and the second reaction corrects tiie deletion in tiie sense strands. PCRreactions 
one and two cortert the nmtation from CC to (XA wbidi occurs in codon 7^ 
a base pair substitution from TCA to TCr in codon 81 (jecHgure 2). Primer 1 

35 contains two consecutive Xho I sites 10 bp upstream of the ATG codon of HE Ve 
coding region and primer 4 contains a da I site D5 bp downstream of the stop 
codon of HBV precore/core coding region. The products of die first and second 
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PGR reactions are extended in a third PGR reaction to generate one om^lete 
HBVprecore/core ooding region with the conect sequence (Figure 3). 

The PGR reactions are performed using the following cyding 
ccmditions: The sample is initially heated to 94^ for 2 miimtes. This step, called 
S the melting 5tq>, separates the double-stranded DNA into single strands for 
synthesis. The sanq)ie is then heated at 56°C for 30 seconds. Tliis step, called the 
aimealing step, permits the primers to anneal to the single stranded DNA 
produced in the first st^. The san^le is then heated at 72°C for 30 seconds. This 
step, caUed the extension stq>, synthesizes the conq>lementaiy strand of the single 

10 stranded DNA produced in the first step. A second melting step is per&rmed at 
94*^ for SO seconds, followed fay an antiMim^ step at 56"C for 30 seconds which is 
foUowed by an extension step at H'Xl for 30 seconds. This procedure is then 
rq^eated for 35 cycles resulting in the amplification of the desired DNA product 
, The PGR reaction product is purified by gel electrophoresis and 

15 transferred onto NA 45 paper (Sddeicber and SdnieD, Keene, New Han^ishire). 
The desired 787 bp DNA fragment is ebted from the NA 45 paper by incubating 
for 30 nunotes at 65^ in 400 /d high sdt buffer (1.5 M NaO, 20mM TYi^ 
and 0.1mM EDTA). Following ehition, 500 /d of phenokdilonifanndsoamyl 
alcohol (25:24:1) is added to the solution. The mixture is vortexed and then 

20 centrifuged 14,000 rpm for 5 minutes. The aqueous phase, containing the desired 
DNA fragment, is transferred to a fresh 13 ml microfiige tube and 1.0 ml of 100% 
EtOH is added. This solution is incubated on dry ice for 5 tniimt^ff, and then 
oentrifiiged for 20 minutes at 10,000 rpixL The supernatant is decanted, and the 
pellet is rinsed with 500 ^1 of 70% EtOH. The pellet is dried by centrifogation at 

25 IQ^OIX) rpm under vacuum, arui then resuspended in 10 /d deioxnzed H2O. One 
nticroliter of the PGR produa is analyzed fay L5% agarose gel electrophoresis. 
Tlie 787 base pair Xho l-Os, I precore/core PGR anqilified fragment is cloned 
into the Xho Ida I site of SK"** plasmidHnsplasmid is designated SK'^'HBe-c 
RcaM (DH5 alpha, Bethesda Research Labs, Gaitfaersburg, Maryland) is 

30 transformed with the SK'^HBe-c plasmid ami propagated to generate plasmid 
DNA. Tlie plasmid is then isolated aiid purified, essentially as described by 
Bimboim etaL (Mic. Add Res, 7:1513, 1979; see also Mc^eadar Ooning: A 
LabomtOfyMamudf Sambrook et aL (eds.). Gold Spring Harbor Press, 1989). The 
SK'''HB e< plasmid is analyzed to confirm the sequence of the precore/core 

35 gene,Iagnre4. 
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B. Isolation of HBV core Sequence 

Tbe single base pair deletion in plasmid SK*^ HBe is corrected by 
FCR overly extension as descxibed in Example 2A. Four oligomideotide pdmers 
are used for the PGR reacdoDs peifbxmed to correct the inutation. 
5' The first reaction utilizes two primers. Tlie sense primer 

corresponds to tbe rmdeotide sequence for the T-7 promoter of SK'^'HBe 
plasnud. 

(SEQUENCE ID. NO. 5) 
10 y.3': AAT ACG ACT CAC TAT AGG G 

Tbe second primer correspomh to the anti-sense sequence 2158 to 
2130 of tbe <2£&v strain, and includes codons 79, 84 and 85. 

(SEQUENCE ID. NO. 2) 
15 : CTA CT A GAT CCC TAG ATG CTG GAT CIT CC 

The second reaction utilizes two primers. The anti-sense primer 
corresponds to tbe nucleotide sequence for tbe T-3 promoter present in SK"*'HBe 

20 (SEQUENCE ID, NO. 6) 

5*^' : ATT AAC CCT CAC TAA AG 

The second primer corresponds to die sense roideotide sequence 
2130 to 2158 of tiie adw strain, and indudes codons 79, 84 and 85, 

25 (SEQUENCE ID. NO. 3) 

y-T: GGAAGATCC AGC ATCTAG GGATCT AGTAG 
Tbe third reaction utilizes two primers. The anti-s^ise primer 

coircsponds to the nucleotide sequence for die T-3 promoter present in SK'*^HBe 

plasmid. 

30 

(SEQUENCE ID. NO. 6) 

5'-3': ATT AAC CCT CAC TAA AG 

Hie second primer corresponds to the sense sequence of the T-7 
promoter present m the SK'^HBe plasmid. 

35 

(SEQUENCE ID. NO. 7) 

S-y-, AAT ACG ACT CAC TAT AGG G 
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The TCR product firom the third reactian yields the coirect 
sequence for HBV pi«oore/core coding region. 

To isolate HBV core coding region, a primer is designed to 
introduce the Xho I restriction site upstream of the ATG start codon of the core 
5 coding re^on, and eliminatf^ the 29 amino add leader sequence of the HBV 
preoore oodipg region. In a fourth reaction, the HBV core coding region is 
prodooed using the PGR product from the third reaction and &e foUowmg 
primers: 

Hie fourth reactton utilizes two primers. Hie sense primer 
10 oorrespomb to die nucleotide sequence 1885 to 1905 of the adw strain and 
contains two Xho I sites at the 5* end. 

(seqxjenceid.no- 8) 

9-3*: oct oga gct cga oct tgg gtg got ttg ggg 

15 CATG 

Hie second primer corresponds to the anti-sense nucleotide 
sequ en ce for the T*3 promoter present in the SK^ HBe plasmid. Hie 
appriHcirnatftly 6O0 hp PGR product fiom the fourth PGR reactian crwitolns the 
HBV oore codipg region and novel Xho I restriction sites at the 5* end and C3a I 
20 restriction sites at the 3' end that preset in the imiltidoning site of SK*^ HBe 
plasmid. 

(SEQUENCE ID. NO. 9) 

y-y: ATT ACC CCT CAC TAA AG 

25 Followmg the fourth PGR reaction, the sohition is tiansferred into a 

finesh tS ml microfoge tube. Fifty microliters of 3 M sodmm acetate is added to 
this sohition followed by SOD 4 of chloroformdsoainyl alcc^ol (24:1). The mixture 
is vortexed and then centiifoged at 14,000 rpm for 5 minutes. Hie aqueous phase 
is transforred to a fresh micraliige tobc and 1.0 ml 1009& BtOH is added. Hris 

30 sohztion is incubated at -20°C for 43 homs, and then centrifoged at IQiOOO rpm for 
20minutes. Tlieaiperaataatisdecanted,andthepelletrinsed withSOO /dof 70% 
EtOH. TliepeUet is dried by centrifiigation at 1Q,(K)0 rpm under vacuum an^ 
resuspended in 10 id ddomzed HjO. One microliter of the PCR product is 
analyzed by electrophoresis in a 1.5% agarose gel 

35 . 
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C holfttioq of HCP C0re SegB^pces 

A 200 |kL sanqile of serum is obtained from a patient with chronic 
noi>-A, non-B hepatitis and the vixal RNA is prepared by the procedure of 
Christuano dvL, Hepatolog^ 14:SVSS^ 199L The 200 ^ of serum is mixed with 
5 550 Ml of extraction bofifer consisting of M guanidininm isothiocyanate (Fkika 
Chemical Coip^ St 2jouis» Nfissoori), 03% sodium lamyl sarkosate and 25 xnM 
HCU pH 8A and extracted once with phenokdilorofcmn (1:1), and once with 
ddonifbnn. llie aqueous phase is precipitated with an equal vohnne of isopi^ 
alcohol and centri&ged at 14,(M}0 ipm for 5 Ttnimtftfi Hie resulting pellet 

10 containing tiie viral RNA is washed with 70% ethanoland resuspended in 200 ^1 
of RNase-&ee deionized Hjp. Four micnjliter of RNasxn (40^000 U/ml) 
(Promega Corp^ Madison, Wisconsin) is added to the mixture. Tins mixture 
contains the HCV RNA and is the ten^late for the following reverse transcriptase 
reaction. Using the cDNA CYCLE ki^ (Iimtrogen, San Diegn, ralffamia) ;i fnij. 

15 length first strand cDNA is generated from the isolated viral mRNA Seven 
microliters of Ae reverse transcrqition reaction above (100 ng of fuIUlength first 
strand d>NA) is aix^Iified by PGR in a total volume of 100 ^ of reaction mixtuie 
c ommning 10 fd of 10 X PGR buffer (vial C16), 2 /d of 25 mM dNTPs (vial CI 1), 
5% DMSO, 4 U of Taq DNA pot/meiase (Cetus, Los Angeles, California) and 2 

20 /iMof eachoftbetwopiiiners. 

Ibe sense pmn^ corresponds to the mideodde sequence 316 to 335 
and is the mideotide sequence for the 5* region of tfie hepatitis C virus core' open 
reading frame and indudes the ATG start codon. 

25 (SEQUENCE ID. NO. 10) 

5*-3': GTA GAC CGT GCATCA TGA GC 

The second primer corresponds to the anti-sense nucleotide 
sequence 1172 to 1153 present in the hepatitis C virus envelope open reading 
frame. 

30 

(SEQUENCE ID. N0.12) 

S'.y: ATA GOG GAA CAG AGA GCA GC 

lliereacdonmixmre is placed into a PCR Gene AMP System 96(K) 
(PerkinrEImer. Cetns, Los Angeles. CaHfomia.), Tbe PGR program regulates the 
35 tenqieratnre of the reaction vessel first at 95°C for 1 nrinute, then at 60°C for 2 
minutes, and Cna% at TTC for 2 minutes. Tbis cyde is repealed 40 times. 
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Following the 40th cyde, the final cyde regulates the reaction vessel at 95°C for 1 

mirnite^ then at fTPC. fnr ^ tninntes, and finally ftt fpT 7 miimtes. 

In the first PCR reaction, the HCV core open reading finame from 
the 5* region upstream from the ATG start codon to the begixmizig of the HCV e 
5 open readin£ frame is amplified. Hie nucleotide nmnbering segnenm « acgfir rfm^ 
to theHCV-J strain (Kato eX^ProcNad,Aca± ScL USA 87:9S2MS2S, 1990). 

The product from the first PCR reaction is anq)lified in a second 
PCRreaction. Ihe second PCR amplification is per£anned\(dth the sense primer 
that correqumds to the nucleotide sequence 329 to 367 (and is the nucleotide 
10 sequence for the 5* end of the hepatitis C virus core open reading frame). Hie 5* 
end of the sense primer contains two consecutive Xho 2 restriction sites. The 
primer also contains a number of nucleotide dianges introduced in ttie area of the 
initiator ATG start codon to omform to ^ropriate rules for translation initiation 
(Kxaak^MoL BhL 796.-947-950, 1987). 

15 

(SEQUENCE ID. NO. 12) 

ere gag crc gag cca cca tga gca caa atc cta 

AAC CrC AAA GAA AAA CCA AAC G 

The anti-sense primer is designed to contain two consecutive stop 
20 codons in frame with HCV core gene. The 5* end of the primer contains two 
consecutive Hind m restriction sites. This primer coiresponds to the mideotide 
sequence 902 to 860^ and is the junction between the hepatitis C virus core and 
envelope open reading frame. 

25 (SEQUENCE ID. NO. 13) 

y-3*: GC AAG CTT AAG CTT CTA TCA AGC GGA AGC TGG 
GAT GGT CAA ACA AG A CAG CAA AGC TAA GAG 

Ihe product from the first PCR reaction is also amplified in a third 
PCR reaction. Ihe 5" end of the sense primer contains two consecutive Hind III 
30 restriction sites. This primer also contains nucleotide changes to conform to the 
Kozak rules for translation initiation and corresponds to the nucleotide sequence 
329 to 357 of the HCV-J sequence (and is the nucleotide sequence for die 5* end 
of the hepatitis C virus core 0pen reading frame). 

35 (SEQUENCE ID. NO. 14) 

9-3*: AAG CTT AAG CTT CCA CCA TGA GCA CAA ATC CTA 
AAC crc AAA GAA AAA CCA AAC G 
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Hie and-scnse pnmer is designed to omtain two stop codons in 
fiame with the HCV core geae» and two coDsecutive Xho I restriction sites at the 
5* end of the pdmer. Hiis primei oorresponds to the ai]ti--sease nudeotlde 
sequence 902 to 860, and is the junction between hepatitis C virus core and the 
5 envelope reading frame. 

(SEQU^CE ID. NO. 15) 

5'-3*: GC CrC GAG CTC GAG CTATCA AGA GGA AGCTCG 
GAT GGT CAA ACA AGA CAG CAA AGC TAA GAG 

10 Usmg a TA Cloning Et (Invitrogen, San Diego, Califomia), the 570 

bp PCR-amplified product from the second reaction is then ligated into the pCR 
n vector (Invitrogen, San Diego, Cahfomia} and transformed huo frozen ' 
competent R coB ceOs. After verification by DNA sequendng this construct is 
dragnated pCR n Xh-H HCV core. 

15 As dcsaibcd above, the 570 bp PCR amplified product ftom &e 

third reaction is ligaled into the pCR n vector. After verification by DNA 
sequendng this construct is designated pCR n H-Xh HCV core. 

D. Isolation of HCV ^^SSfNS A Seqnenee 

20 "rbe hepatitis CvfaisNS3/NS4 sequence is isolated fiom 200 /d of 

serum obtained from a patient with chronic non-A, non-B hq)atiti5 as described in 
Example IC The viral RNA is reverse transcribed by the cDNA CYCLE Kit 
(Invitrogen, San Di^ California), aOod amplified by PCR. In the first PGR 
reaction, the HCV NS3/NS4 open reading frame is amplified, 

25 The first PGR anq)lification is performed witii two primers. The 

sense primer concsponds to the nudeotide sequence 30M to 3106 of die hepatitis 
C virus NS2 open readxpg frame. 

(SEQUENCE ID. NO. 16) 
30 5'-3':GTGCATGCATGTTAGTGCG 

The second primer corresponds to the anti-sense nudeotide 
sequence 6530 to 6511 of the hepatitis C virus NS5 open reading frame. 

(SEOm^lCEID. NO. 17) 
35 y-S': CGTGGTGTATGCGTTGATGG 

The product from die first PCR reaction is amplified in a second 
PCR reaction. The 5" end of the sense primer contahis two consecutive Xho I 
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rKtricdcm ates. This primer also contains nucleotide changes to Gonform to the 
Kozak rules for translation initiation and coirespoods to tiie nucleotide sequence 
3348 to 338S of the 5' region of the NS3 open reading frame of the HCVn3 
sequence. 

5 

(SEQUENCE ID. NO. 18) 

F-y: C Crc GAG Crc gag CCA CCA TGG GGA AGO AG A 
TAG TTC TAG GAC CGG COG ATA GTT TTG G 

This primer corresponds to the nucleotide sequence 6368 to 6328 of 
10 HCVJ of the 3' region of the NS4 open reading frame of the HCV J sequence. 
Tliis primer oomains two consecutive stop codons in frame with HCV core gene 
and two coittecutive IHnd in sites at its 5* end. 

(SEQUENCE ID. NO. 19) 
15 y-3': GC AAG err AAG CIT CTATCA GCG TTG GCA TGA 

CAG G AA AGG GAG TCC CGG TAA CCG CGG C 

The 3020 bp PCR product from the second PGR reaction is ligated 
into the pCR n plasmid, vedfiled by DNA sequencing and d^gigngt^ pCR n Xb- 
HHCVNS3/NS4. 

20 

£. Amplification of Inmwnnmodulatorv Cofactor n^^ 

JurkatcdUsareresuspendedatlxlO^ cells/inl to a total volume of 
158 ml in T75 flasks. Fbytohenmglutin (FHA) is added to 1% of total vohmae 
(L58 ml totalX and incubated overnight at yPC, 5% CO2. On the following ds^, 

25 cells are harvested in three SO ml centrifuge tubes.* The three pellets are 
c ombi n ed in 50 ml PBS, centrifuged at 3»000 rpm for 5 minntes and supernatant 
dec&nted. This procedure is rqieated. Pofy A"*" mRNA is isdated ««'itg the 
Micro^Fast Track mRNA Isolation Kit» version 1.2 (Iovitrogen» San Diego, 
California). The isolated intact mRNA is used as the templa^ to g^T^erate frdl- 

30 lei^ first strand cDNA fay the cDNACYCI£ldt\idth the foUowing prin^ 

This oligonudeotide corresponds to the anti-sense nucleotide 
sequence of the IL-2 mRNA, 25 base pairs downstream of the stop codon. 

(SEQUENCE ID. NO. 20) 
35 5'-3': ATA AAT AGA AGG CCT GAT ATG 

Tlie product from the reverse transcrq>tion reaction is anq>Med in 
two separate reactions. The first PCR amplification is performed with the sense 
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primer that coiiesponds to three bp iqistream of ATG start codoa Hiis 
primer cozitatns a Knd III site at Its S' end and contains the 5* r^ton of the ILr2 
cpen reading £tamc indoding the ATQ start oodon. 

5 (SEQUENCE ID. NO. 21) 

y-y: GCA AGC TTA CAA TCT ACA GGA TGC AAC TCC 

Tcrrcr 

The anti-sense primer is cozq>Iementaiy to the 3' legion of ILr2 
open reading frame and starts three bp downstream of die TGA stop codon. Hiis 
1 0 primCT contains an Xho I site at th e 5* end of the primer. 

SEQUENCE ID. NO. 22) 

y-S': GAG TCG AGT TAT CAA GTC ACT GTT GAG ATC 

ATGCr 

15 The 467 bp PCS. pn>duct from the fim PGR reaction is Ugated into 

the pCR II plasmid, verified 1^ DNA sequencmg and rfesignat^ ^j pCR II H-Xh IL- 
2 

The product from the reverse transcription reaction is ai^ 
second PGR reaction. Hie second PGR amplification is perfimned with the sense 
20 primer that corresponds to three bp iqistream of the ATG start codon, Uris 
primw contains an Xho I site at its 5* end and cnffitary^ g the 5* region of the H/-2 
open readmg frame indudmg the ATG start codon. 

(SEQUENCE m. NO, 23) 

25 y-y: GCC TOG AGA CAA TGT ACA GGA TCC AAC TCC 

TGTCr 

Hie anti-sense primer is conqjlonentary to the 3' region of JLrl 

open reading franie am! starts three bp downstream of the TGA stop codon. This 
primer amtams an Apa I site at the y «id of the primer. 

30 

(SEQimCB m. NO. 24) 

y-y : GAG GGC CCr TAT CAA GTC AGT GTF GAG ATC 

ATCCr 

Tbe 467 bp PCR product from the second PGR reaction is l?gated 
35 intothepCRnplasmid,verifiedbyDNAsequencingandtransfi^ 
competart£ oofi ceUs. Tins vector construct is deagnated pCR n Xh-A ^ 



wo 93/15207 



PCrAJS93/01009 



33 

F. Amplification of ImiminomodnlatoTv CofactorB7/BBl TTtiltTtnp Th;^ 

Rajt cells are suspexided at 1 X 10^ ceUs/ml to a total volume of 158 
ml m five T75 flasks and mcubated ovemigfat at 37*0, 5% CX>2. On the foDciwing 
day, cells axe harvested in throe SO ml centrifdge tubes. Cell pellets are oombined 
5 in 50 ml FBS, oentrifiiged at 2,000 ipm for 10 nmmtes and siq^ematant decanted 
This procedure is repeated. PoIyA'^ mRNA is isolated as desaibed in Bxan^Ie 
2E. Hie isolated intact mRNA is used as the tenq>late to generate fall-4ength first 
strand cDNA using fhe cDNA CYCLE kit, followed by two separate FCR 
amplification reacdons essentially as described in Example 2E. Ibe nudeotide 
10 mnnbeting system is obtained from Freeman et aL Immunol 745:2714-2722, 
1989). 

The first PGR amplification is performed with two primers. Hie 
sense primer corresponds to the nndeotide sequence 315 to 353 of B7/BB1. Tbis 
primer contains the 5* region of the B7/BB1 open reading fiame inctodipg the 
15 ATQ start oodon and has two Hind m restriction sites at the 5' end. 

(SEQUENCE m. NO. 25) 

5*-3': CG AAG err AAG err GCC ATG GGC CAC ACA CGG 
AGGCAGGGAACATCAOCATOC 
20 The second primer corr^onds to die anti-sense nudeotide 

sequence 1187 to 1149 of B7/BB1. This primer is complementary to the 3' repon 
of the B7/BB1 open reading frame ending at the TAA stop codon and contains 
two Xho X restriction sites at the 5* end. 

25 (SEQUENCE ID. NO. 26) 

y-3': C CTC GAG CTC GAG CTG TTA TAC AGO GCG TAC 

ACT TTC ccr Tcr CAA Tcr crc 

The 868 bp PCR product from the first PGR reaction is Hgated into 
the pCR n plasmid, verified DNA seqaradng and transformed into fiuzen 
30 oonxpetent£oofi cells. This vector canstmct is designated PGR lIH*Xb*B7/BSl 
-and verified by DNA sequendng. 

Ibe second PCR anq)lificatton is performed with two piiiners. Ibe 
sense primer corresponds to the nudeotide sequence 315 to 353 of B7/BB1. This 
primer contains the 5* region of the B7/BB1 open reading frame induding the 
35 ATG start codon and has two Xho I ^tes at its 5" end. 
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(SEQUENCE ID. NO. 27) 

y-yr C CTC GAG CTC GAG GCC ATG GGC CAC ACA CGG 
AGG CAG GGA ACATCAOCATOC 

The second primer corresponds to &e antt-sense nucleotide 
5 sequence 1187 to 1149 of B7/BBL Tliis primer is complementaiy to the 3' region 
of the B7/BB1 open reading firame ending at the TAA stop codon and contains 
two I restrictian sites at die 5* end. 

(SEQUENCE ID. NO. 28) 
10 y-3': C GGG COG GGG COC CTG TTA TAG AGG GCG TAG 

ACTTTC CCr TCr CAATCT CTC 

Tte 868 bp PGR product from the second PGR reaction is ligated 

into &e pCR n plasmid. verified by DNA sequfiiiciii5 and tr3n!rfy>nnfd into frozen 

con^tentKcoiSf cells, lliis vector construct is designated pGRIIXh-A-B7/BBl 
15 and verified by DNA seqoendpg. 

G, Synthesis of rTnTmrnomodulatorv Cofactor GM-CSF t Mizing ^ 

The ^thesis of GM*CSF is per£armed fidlowing the protocol of 
Foguet and Iiibbert (Bhtechnhpies 13:674^5, 1992). Ten ovedappii^ 
20 oUgonudeotides, 53 to 105 nudeoddes in leiigth, are synthesized The first 
oligonudeotide is the sense sequence of homan GM-GSF from nudeotide 
seqaeJicenaniber29to86 contanring two Hind IP deavage sites at the 5* end. 

(SEQUENCE ID. NO. 29) 
25 S'-y: GGA AGG TTA AGG TTG AGG ATC TCG GIG CAG 

AGG GIG era CTC TTG GGC ACT GTG GCC TCG AGG ATC TCT GGA 

The second oligonudeotide is the sense sequence of human GM- 
CSF from the nudeotide sequence mmtbers 29 to 86 containing two Xho I sites at 
theS'end. 

30 

(SEQUENCE ID. NO. 47) 

S'-Ti GO CTC GAG CIC GAG GAG GAT GTC GOT GGA GAG 
GCT GCr GCr err GGG CAGTGT GGC CTG CAG CAT CTC TGC A 

Ihe third oligonudeotide is the anti^ense sequence of human GM- 
35 CSF from nudeotide sequence number 145 to 70. 
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(SaSQUENCE ID, NO. 30) 

5'.3*: TOC TGG ATG GCA TIC ACA TGC TCC CAG GGC TCC 
GTG Cro GOG CTG GGC GAG CGG GCG GGT GCA GAG ATG CTG 
CAG 

5 The fourth oligomideotide is the sense seqaence of human GM- 

CSF firom nucleotide number Ul to 191. 

(SEQUENCE ID. NO. 31) 

y-y: GAA TGC CAT OCA GGA GGC OCG GCG TCT OCT 
10 GAA CCr GAG TAG AGA CAC TGC TGC TGA GAT G 

Hie fifth oligonucleotide is the anti-sense sequence of human GM* 
from nucleotide number 282 to 176. 

(SEQUENCE ID. NO. 32) 
15 5'-3': err GTA CAG CTC CAG GCG GGT CTG TAG GCA 

GGT CGG ore era GAG GTC AAA CAT TTC TG A GAT GAC TTC TAC 
TGT TTC ATT CAT Crc AGC AGC AGT 

The shcth digonudeotide is the sense sequence of human GM-CSF 
from ondeotide nnmber 256 to 346. 

20 

(SEQUe^CE ID. NO. 33) 

y-3': OCT GGA GCT GTA CAA GCA GGG COT GCG GGG 
CAG CCr CAC CAA GCT CAA GGG CCC CIT GAC CAT GAT GGC CAG 
CCA CTA CAA GCA GCA CTG 
25 The seventh oligomideotide sequence is the anti-sense sequence of 

human GM-CSF from nudeotide number 331 to 389. 

(SEQUe^CE m. NO. 34) 

5^-3': GGT GAT AAT CTG GGT TGC ACA GGA AGT TTC 
30 CGG GCT TGGAGG GCA GTG CTG err GTA G 

The eighdi oiigonudeotide is the sense sequence of human GM- 
CSF from nudeotide number 372 to 431. 

(SEQUENCE ID, NO. 35) 
35 S'-y : CAA CCC AGA TTA TCA CCT TTG AAA GTT TCA AAG 

AG A ACC TGA AGG ACT TTC TGC TTG TC 
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The ninlh oligomideotide sequence is the anti-s^ise sequence of 
faoman GbA-CSF from nucleotide number 520 to 416 containing two Xho I 
restriction sites at the 5" end. 

5 (SEQUENCE ID. NO, 36) 

5*-3': GC Crc GAG CTC GAG GTC TCA Crc CTO ^ 
CrC CSCA GCA GTC AAA GGG GAT GAC AAG CAG AAA GTC C 

The tenth oligonucleotide sequence is identical to oligonucleotide 
number nine except that it contains two Xba I restiiction sites at the 5* teimimis 
10 instead of Xho I restriction sites. 

(SEQUENCE ID. NO, 37) 

S'-J: GC TCr AGATCT AGA GTC TCA CTC CTG GAC TGG 
CrC CCA GCA GTC AAA GGG GAT G AC AAG GAG AAA GTC: C 
15 All the oligonucleotides except for oHgonncleotide Sequence ID 

Nos. 29. 36, 37 and 47 are phosphoiylated Ligation is perfonned by nuxing 8 
pmol of eadi oligomideatide and 75 mI lOX Scquenase BnfiEer (US Biochemical, 
Cleveland, Ohio) to a final vohnne of 75 pi with sterile distilled deioaized H2P. 

The reaction is heated to 5 mimites at 70°C;fonowBd by 5 minutes at 48*0 Two 
20 microliters of dNTPnux(23mM each dNTP) and 10 USequ^ 

incubated for 30 minutes at 37»C To inactivate the Sequenase, the ligation 

reaction ii heated for 10 minutes at 70PC (OfTimf iVoto^ 

FJ^* Asubd et aL, 8:L8-&2.13, 1988). 

One microliter of the ligadon mixture is used in a PGR reaction 
25 with Vent polymerase (Ne«r England Biokbs, Beverly. Massachusetts) and the 

two oUgcmucieotides Sequence ID Nos. 29 and 36 as primeis. Hie PCR product is 

Hgated into the pCR n vector and transformed into frozen canspctsatK coU ceBs, 

Hiis construct is designated pCR E H-Xh GM-CSF and verified by DNA 

sequencing. 

30 One nncroliter of the ligation mixture was nsed in a second PCR 

reaction with Vent potymerase with die two oligonudeotides Sequence ID Nos. 47 
and J7 as primers. Hie PCR produa is ligated into the pCR H vector and 
transformed into frozen competent£:coff cells. This constract is designated pCR 
nXb-Xb GM<SF and verified by DNAsequendng. 

35 
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H. Isolation of HBV Pre-S2 Open Readinp Frame 

Tlie Pre-S2 open reading fiame (including S) is PGR anqiMed with 
two primen and the pAM 6 plasmid (ATCC No. 45020). Ihe sense primer 
corresponds to the nucleotides 3178 to 31 of the adw strain of hepatitis B virus. 
5 The 5* end of the sense primer contains two consecutive Xho I restriction sites. 
The primer is tiie 5* region of the Pre-S2 open reading £tame and inchides the 
ATG start codon. 

(SEQUENCE ID. NO. 49) 
10 S'-y: GCCTCGAGCTCGAGGTCATCCTCAGGCCATGC 

ACT GGA ATT CCA CTG OCT TGC ACC AAG CTC TGC AGG 

The second primer corresponds to the anti-sense rmdeotide 
sequence 907 to 859 and contains two dal sites at the 5* end. This primer is 
oonqpleroentaiy to die 3* region of the Fre-Sz open reading frame. 

15 

(SEQUENCE ID. NO. 49) 

S'-yiQC ATC GAT ATC GAT GTT CCt CAA CTT CCA ATT 
ATG TAG COC ATG AAG TIT AGG GAATAA CCC C 

• llie 957 bp l^pnidurt fa Hgated into the pCRn plasmid, verified 
20 by DNA sequencing and designated pCRnHB-Pte-S2. 

I Jsojatipn of HBV Polymerase Open Rradi'iyff F^^^ ' 

Tho PGR amplification is performed with two primers and the pAM 
6 plasmid (ATCC 40202). The sense primer corresponds to the nucleotides 2309 
25 to 2370 of the orfw strain of hepatitis B virus. Hie y end of the sense primer 
contains two consecutive Xhol restriction sites. Tins primer also contains 
nucleotide dxanges to conform to the Kozak rules br translation, 

(SEQUENCE ID. NO. 50) 
30 5^-3': GC CTC GAG CTC GAG ACC ATC CCC CTA TCTTAT 

CAA CAC TTC OGG AAA CTA CTG TIG TTA GAC GAC GGG ACC GAG 
GCAGG 

Hie second primer oonesponds to the anti-sense nucleotide 
sequence 1645 to 1594 and contains two dal sites at the 5" end. This primer is 
35 complCTientary to the 3* region of the polymerase open reading frame and 
faidudes the TGA stop codon. 
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(SEQUENCE ID. NO. 51) 

GC ATC GAT ATC GAT GGG CAG GAT CTG ATG GGC 
GTT CAC GGT GGT CGC CAT GCA ACG TGC AG A GGT G 

Tht 2564 bp PGR product is ligated into the pCRU plasnrid, 
5 verified by DNAsequendng and designated pCREEB-poL 

J. Isolation of HBVORF 5 Qpgn Reading Frame 

Ibe PGR aiiq)Iificaiion is peifonzied with two primers and the pAM 
6 plasmid (ATCC 45020). The sense primer corresponds to the nucleotides 1432 
10 to 1482 of the mfiy strain of hepatitis B vims. The 5" end of the sense primer 
contains two consecutive Xhol restricdon sites. The primer also contains 
mideotide dianges to condom to the Kozak rules for tisoisl^ 

(SEQUENCE ID. jJO, 52) 
15 S'-y: GO ore GAG Crc gag act ATG TCC CGT CGG CGC 

TGA ATC CX» OKS ACG ACC OCT CTC GGG GCX: GCTTCG GAG 

The second primer corresponds to the anti-sense nucleotide 

sequence 1697 to 1648 and contains two Oa I sites at the 5' end. Tliisprimeris 

complememaiy to the3* region of the ORF 5 open rading frame and indndcs the 
20 TAAstppcodon. 



(SEQUENCE ID. NO. 53) 

S- S^rGC ATC GAT ATC GAT GGT CGG TOG TIO ACA TTO 
CTG GGAGTC CAA GAG TCC TCTTATGTAAGAOC 
25 The 293 bp FOl product is ligated into the pCR H plasnrid, verified 

by DNA sequendng and designated pCR n HB-ORF 5. 

Kl Isolation of HBV ORF 6 Op^ '^^'^^ fr^^ 

The PCR amplification is peifonned with two primers and the p AM 
30 6 plasmid (ATCC 45020). TTie sense primra: corresponds to the nucleotides 1844 
to 1788 of the adw strain of hepatitis B virus. The 5* aid of the sense primer 
contains two conseoitive Xhol restriction sites. The primer also contains 
nudeotide chan^ to confcinn to the Kozak rules for translation 

35 (SEQUENCE ID. NO. 54) 

GO crc GAG crc GAG ACC ATG ATT AGG CAG AGG 
TGA AAA AGTTGC ATG GTG CTG GTG CGC AGA CCA ATT TAT GCC 
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The second primer oonresponds to the anti-sense nucleotide 
sequence 1188 to 1240 and contains two Qa I sites at the 5' end. This primer is 
conQ)lementaiy to the 3' eigion of the ORP 6 open reading £rame and includes the 
TAA 

5 

(SEQUra^CB ID. NO. 55) 

5'-3':GC ATC GAT ATC GAT OCT GAC GCA ACC CXX: ACT 
GGCTGGGGCTTAGCC ATAGGCCATCAGCXjC ATG CXj 

The 687 bp FCR product is ligated into the pCR 11 plasmid, verified 
10 hy DNA sequencing and designated pCR II HB-ORF 6. 



EXAMPLE3 

15 A Isolation of ^ BV X Antigen 

A 612 bp Nco I-^ I fragment containing the hepatitis B vims X 
open reading frame is obtained from the pAM6 plasmid (adw) (ATCC 45020), 
bhmted hyKlencw fragment, and ligated into the IBncII site of SK"** (Stratagene, 
LaJoIla,Califoxnia). This plasmid is designated SK-XAg. 

20 K coU (DH5 alpha, Bethesda Research Labs» Gaitbersburg, 

Mai3iand) is transformed with the SK-XAg vector construct and propagated to 
generate plasmid DNA. The plasmid is then isolated and purified, essentially as 
described by Bimboim et aL {Nuc Add Res, 7:1513, 1979; Moleadar Oomng: A 
LdbaratoryMamud^ Sambrook et al (eds.). Cold Spring Hari}Qr Press, 1989). 

25 

B. Trtmcation of HBV X Antigen 

In order to generate tnmcated XA& the TAG stop codon is inserted 
by an in-frame deletion utilizing polymerase chain reaction (PCR) (Example 2C). 
The truncated X gene is then inserted into the Hinc n site of SK"*". Tins plasmid 
30 is designated SK-DXAg. Mutants are confirmed using the assay described by 
Faktor et aL {Omx^ene 5:867-872, 1990). 
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EXAMPLE4 

A. Preparation of Retrpviral B ackbone KT-3 

The Molonqr murine leukemia vims (MoMLV) y long terminal 
r^eat (LTR) EcoR I-EcoR I fragment, induding gag sequences, from the N2 
vector (Armentano etaL, / T^. <5i:1647-1650, 1987; Eglitas etaL, Sdemx 
23^1395-1398, 1985) is Iigated into the plasmid SK+ (Stratagene, La Jolla, 
Ca Kfom ia). The resulting construct is designated N2R5. The N2R5 construct is 
nmtated by site-directed in vUm mutagenesis to diaoge the ATG start codon to 
ATT prev^xting gag expression. This mntagemzed fragment is 200 base pairs (bp) 
in length and flanked by Pst I restriction sites, llie Pst I-Pst I mutated fragment is 
purified from tiie SK^ plasmid and inserted into the Pst I site of 1^ MoMLV 5* 
LTR in plasmid pUOl to replace the non-mutated 200 bp fragment Tbe 
plasmid pUC31 is derived from pUC19 (Stratagene, La JoUa, Califbrnia) in wdiich 

15 additional restriction sites Xho I. Bgin,BssHn and Nco I are inserted between 
the EcoR I and Sac I sites of the polyiinker. This construct is designated 
pUai/N2R5gM. 

A 1.0 Kilobas e (Kb) MoMLV 3* LTO EcoR I-EcoR I fragment from 
N2 is doned into plasmid SK+ resulting in a construct designated N2R3-, A LO 
20 Kb Oa I-Hind IH fragment is purified from this construct The da I<3a I 
dominant selectable marker gene fragment firai pAFVXM retroviral vector 
(Kriegler etaL. Ceff 55:483, 1984; St Louis ctal, PMAS «53 150-3 154,1988). 
comprising a SV40 earfy promoter driving expression of die ne^ntydil 
phcBphotransferase gene, is doned into the SK'*' plasmid A U Kb Oa I-BstB I 
25 gene fragment is purified frt)m the SK^ plasmid. 

The expression vector is constructed by a three part ligation in 

irfnch the Xho I-CSa I fragment containing die gene of interest and the LO Kb 

MoMLV y LIR Oa I-HSnd m fragment are ins erted into the Xh© Mfind IE site 

of pU01/N2R5gM plasmid. Tlie L3 Kb da I-BstB I neo gene fragment from 

30 tiifipAFVXMretroviralvectoristhcninsertedintotheaalsiteoftto 
the sense orientation. 

B- Preparation of Retroviral Ra dcbone KT,i 

The KT-1 retroviral backbone vector is constructed essentially as 
35 described fr)r KT-3 in Example 4A, with the exception that the dominant 
sdectable marker gene, neo, is not inserted into the expression vector. 
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CoNsxRUcnoiH OF Retroviral Vectors 

5 

A. Constroction of Hepatitis B Vims e-c Retroviral Vector 

Use 787 bp Xbo I-Oa I fragment from SK'^HBe-c^ Exanq)le 2A, is 
then ligated into the Xho I and da I sites of the KT-3 retroviral vector backbone. 
Hiis construct is designated KT-HBe-c. 

10 

B. Constroction of Hepatitis B Vinis core Ret rpvira! Vectpr 

The PCR product from Exanqile 2B, appnudmately 6(M) bp in 
lengthy is digested with Xbo I and Cla I restriction endonudeases. electrupboresed 
through an 13% agarose get and the DNA is purified from the gel slice by 
15 Genedean n (Bio 101, "^sta, CaHfomia). This Xho I-Oa I HBV core PGR 
product is inserted into the Xho I and Qa I sites of the KT-3 retroviral vector 
backbone. The construct is designated KT-HBcl 

The HBV core fragment pCho I-Oa I) from KT-HBc is inserted into 
the respective sites of pBhiescnpt KS*** n (Stra^igene, La JoUa, California). Ibis 
20 oonstnict is designated KS**" n HBc; and is verified by DNA sequencing. 

C Comtmctjon of Hepatitis C Virus core RetroviTal V^^nr 

Tbe Xho I-Hind m fragment from pCR II Xb-H HCV core is 
inserted into the respective sites of pSP72. Ibis construct is designated pSF72 Xb- 
25 HHCc Ibe Xho I-Oa I fragment from pSJ^ Xlt-H HCc is then excised and 
inserted into the KT-3 bacld>one. This construct is designated KT-HCc. 

D. Construction of Hepatitis C Virus NS3/NS4 Ret roviral Vertnr 

The Xho I-Hind m fragment from pCR n Xh-HHCV NS3/NS4 is 
30 inserted into the respective sites of pSP72. Ibis construct is designated pSP72 Xh- 
HHCVNS3/NS4. The Xho I-Oa I fragment from pSP72 Xh-H HCV NS3/NS4 
is then excised and inserted into the KT-3 backbone. This construct is designated 
Kr-HCVNS3/NS4. 

35 R Ctomtoictioq of Hepatitis B \rmi5 x Retroviral Vegtnr 

The SK-XAg open reading frame from Example 3A is checked for 
orientation by restriction enzyme analysis such that it is in the head to tail 
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orientation with respect to tlie Xhol and Oal sites present in the SK"** 
multidomngsite. Tlxea the X open leadii^ feme from SK-XAg with the coxi^ 
orientatioa is excised by Xbo I and Oal and inserted into the respective sites of 
theKIBbaddKme. This construct is designated KT-HB-X. 

F. Oonstmcrion of HepatitK B Vims Pre-S2 Retroviral Va^^ 

The Xho I-da I ftagment from PGR n PtcpSZ is exdsed and 
inserted into the respective sites of the KD backbone. Tins construct is 
designated KT-HB.Pre-S2. 

G. QpnstTOCtion of Hepatitis B Vims Polymerase Retroviral Vprrnr 

Tlie Xho I*Cla I fragment from pCR n HB-pol is excised and 
inserted into the respective sites of the KI3 backbone. Tliis construct is 
designated KT-HB-poL 

H. Constmction of Hepatitis B Vims ORF 5 Retroviral Vectnr 

The Xho I-da I fragment from pCR n HB-ORF-5 is excised and 
inserted into die respective sites of the KI3 bacHjone. TTiis construct is 
designated KT-HB-ORF 5. 

L Constmction of Hepatitis B Virus ORF R etroviral Vector 

Hie Xho I-da I fragment from pCR II HBORF-6 is excised and 
inserted into the respective sites of the K13 badcbone. Hiis construct is 
designated KT-HBORF 6. 



EXAMPLE^ 
CoNsiaucnoN op MuLziVAUNrREriuyviRAL Vector 



A. Cmsttuctionof Hepatitis B e/GM-^SF Retroviral Vec^ pr 
i Mtddvalemretrnvind vector 

pGEM 5Z+BIP r (Peter Sanuw, tMversi^ of Colorado. Health 
Sciences Center, Denver, human imnnmoglobulin heavy chain binding protein) is 
35 digested with Sac I and SphL The 250 bp BIP fragment is isolate by L5% agarose 
gel electrophoTBsis and subdoned into the respective sites of pSP72. The vector 
oonstmctis designated pSP72 BIP. 



WO9V15207 



PCrAJS93/01009 



43 

The Hind m-Xho I GM-CSF fragment is excised from pCR II H-Xh 
OM-CSF and subdoned into the Hind m-Xho I sites of pSP72 BtP. Tliis 
construct is designated pSF72 BIP-GM<^. 

Hie construct pSP72 BIP GM-CSF is deaved at the Xbo I site and 
5 bhmted by Klenow fragment, followed by deavage with Qa L Ibe KT-1 
baddione is deaved by da I and blunted with Klenow frragmoit followed by 
deavage with Xho I restriction endonudease. In a three^^ ligation, the. Xho I- 
Cla I fragment from SK"** HBe-c; Example 2A, and the CSa I-bhmted Xho I BIP- 
OM-(^ fragment is ligated into tiie Xho 14>hmted Cla I sites of the KT-1 
10 retroviral badcbone. This constma is designated KT-HB&</BIP-GM-CSF. 

a. MuMiHdentretmvind vector ^n^CMVpiomot^ 

Hie 4.7 Kb CMV Env^ Pst-RI fragment is isolated from 
pAF/CMV/Env^ (U.S. Patent y^lication Na 07/395^2X ^ inserted into the 
15 Fst I and Eco RI sites of pUC 18. This constma is designated pUC 18 CMV 
Env^. 

HIV-1 niB CAR is subdoned as a Sau 3A fragment from 
pAF/CMV/Bw^ mto the BamH I site of pBhiescript H KS+ (Stratagene, 
LaJolIa,CaIif6niia) to generate pBluescrqjtllKS'*' /CAR. The CAR fragment 

20 ise3ccisedfrDmpBhiesci^tnKS'*"/CARasaXbaI-CJaIfragmenL IbeXhoI- 
Xba I HIV-1 niB gag/pol fragment is excised frtim SK"^ gag/pol SD delta (U^ 
Patent ^yplication Na 07/395^2). Ihe plasmid backbone containing the CMV 
promoter is exdsed from pUCIS CMV/&iv^ with Xho I and Cla L In a three 
part ligation, the Xho I-Xba I HIV IIIb ga&pol fragment and the Xba I-Oa I 

25 CAR fragment is inserted into the Xho I - Qa I sites of the pUC 18 CMV/l^w^ 
backbone to generate pUC 18 CMV gag/pol/CAR. 

The Hind m-Xho I fragment containing the CMV IE promoter 
from pUC 18- CMV-gag/pol/CAR is subdoned into the respective sites of 
pCDNAIL This construct is designated pCDNAn CMV. 

30 The Xho I-Xba I GM*CSF PCR product is subdoned from tlie pCR 

n Xh-Xb GM-CSF and inserted into the respective sites within pCDNA H-CMV. 
This construct is designated pCDNA II CMV-GM-CSF. 

The pCDNA n CMV GM-CSF construct is deaved at the Xba I 
site, bhmted by Klenow fragm^ foUowed by deavage with Hind Hie KT-1 

35 backbone is deaved by Cla I and bhmted with Klenow fragment followed by 
deavage with Xho L In a threeiiart ligation, the Xho I-HSnd HI fragment from 
SK+HBe<, Exanq)le 2A, and the Hind ID-blunted Xba I CMV-GM-CSF 
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fragment is Ugated into the Xbo I-btunted Qa I sites of the KT-1 retroviral 
backbone. TMs vector construct is designated KT-HBe</CMV-GM-CSF. 

B. Coastmcdon of Hepatitis C core/11^2 Retroviral Vector 

5 L MiM^almnrmmrdvectoryviAIRBS 

llie i£nd inOQio 1 11^2 sequence is exdsed from pCR n 
and sobcUmed into the Hind Hl-Xho I sites of pSF72 BIP. Utis construct is 
designated pSP72 BIP IL-Z The Xho I-I£nd m hepatitis C virus core sequence, 
£xanq>le 2Q is excised from pCRU Xh-H HCV C core and subdoned into the 

10 respective sites of pSP72. This oonstmct is designated pSP72 Xh-H HCV core. 

The construct pSP72 BIP-IL2 is cleaved at the Xbo I site, Uuntedby 
Klenow fragment £Qllowed by cleavage with EcoRL The Xbo I-EcoRI HCV core 
fragment is isolated from pSP72 Xh-H HCV oore^ The KT4 badcbone is deaved 
by Cla I and bhinted with Klenow fragment fr>Uowed by deavage with ^ Ina 

15 thre&panfigatian, the Xbo I-£ooRI HCV core fragment and the EcoRI4>I^^ 
Xbo I BIP-IL2 fragment is ligated into the Xho I-blunted Qa I sites of the KT-1 
retroviral backbone* This vector construct is deagnated KT-HCV core/BIP-IL2. 

£ Mtdtivdiem retroviral vector \Mi CM 

20 The Xho I-^a IIL-2 fragment is oonsed from pCR n Xh-AILr2 

and fflibdoned into the respective sites of pCDNA H-CMV promoter. This 
construct is designated pCDN A II CMV-ILrZ 

The KT-1 baddxme is deaved by Oa I and bhinted with Klenow 
fragment frillowed by deavage with Xbo L The construct pCDNAnCMV-ILr2 is 

25 deaved at the >^ I site, bhmted by Klenow fragment and fiillowed by deavage 
with HSndm restriction endonudease. In a three^art ligation, the Xho I-Hindlll 
HCV core fragment from pCR n Xh-H HCV core and the Hind ffl4)hinted Apa I 
CMV IL-2 fragment is ligated into the Xho I-bhmted da I sites of the KT-1 

retroviral b ackb o n e . This vector construct is designated KT*HCV core/CNfV IL- 
30 Z 

C Caustmction of Hepatitis B core/B7/BB1 Retrnviral y^ pfnr 
z. Multivdiertt retroviral vector with IffBS 

TheHindlll-Xho IB7/BB1 sequence is excised from pCR HH-Xh 
35 B7/BB1 and subdoned into the Hmdni-Xho I sites of pSP72 BIP. This construct 
is deagnated pSP72 H*Xh BIP-B7/BB1. 
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The construct pSF72H-Xb BIF-B7/BB1 is deaved at the Xho I site, 
bbmted Klenow £ragmem followed by deavage with Oa L Hie Xho I-<:ia I 
HBV core firagment is isolated from KS HBV oore, Escample SB. The KT-1 
badd)one is deaved by Qa I and bhmted with Klenow fragment followed by 
5 deavage with Xho L In a three-part Ugadon, the Xho I*Cla I HBV Gore fragment 
and the Cla I-bhmted Xho I BIP-B7/BB1 fragment is iigated into the Xho I- 
blunted Qa I sites of the KT-1 retroviral backbone. Hns vector construct is 
designated KT-HBV core/BIP-B7/BBl, Exanq>le 8. 

10 a. Midtwalent retroviral vector with CMV promoter 

The Xho VAp^ I B7/BB1 sequence is excised frtim pCR H Xh-A 
B7/BB1 and subdoned into the respecdve sites of pCDA II-CMV promoter. This 
construct is designated pCDNA n CMV-B7/BB1. 

The KT-1 bac^iane is deaved by Oa I and blunted with Klenow 

15 fragment followed by deavage with Xho L The construct pCDNA D CMV- 
B7/BB1 is deaved at the Ap^ I site bhmted by Klenow fragment and followed by 
deavage with HIND in restriction endonudease. In a three^iart legation, the Xho 
I-Hind in HBV core fragment from KSII'*' HBV core and the Hind in4}hmted 
^a I CMV B7/BB1 fragment is Iigated into the Xho I-bhmted Oa I sites of the 

20 KT-1 retroviral backbone. This vector construct is designated KT-HBV 
core/CMVB7/BBl 

D. Constmction of Hepatitis B e/Hepatitis C core Retroviral Vectnr 
L Multivalent retrownd vector with IRBS 

25 Hie Hind IH-Xho 1 HCV core PGR product is subdoned from the 

pCRU H-Xh HCV core, Exanqile 2Q and inserted into the respective sites within 
pSP72-BIP. Hds construct is designated pSF72BIP-HCV core. 

Hie construct pSP72 BIP-HCV core is deaved at the Xho I ate, 
bhmted by Klenow fragment, followed by deavage with da L The KT-1 * 

30 badd>one is deaved by Qa I and blunted with Klenow fragment followed by 
deavage with Xho L In a three part ligation, the Xho I-da I HBV e fragment 
from SK"*" HBe-c; Example 2A, and the Oa I-hhmted Xho I BIP HCV ^ore 
fragment is Iigated into the Xho I-bhmted Oa I sites of the KT-1 retroviral 
baddKme. Ibis vector construct is designated KT-HBV e/BIP HCV core. 

35 
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iL MuMvalent retroviral vector 

The Xho I-Xba I HCV core fragment from pSF72 Xh-H HCV core 
(Bxan^ile 6B i) is ios^ted into the respective sites of pCDNA n C3^ plasmid. 
This construct is designated pCONA n CMV HCV core. 

5 TheconstnictpGDNAnCMVHCVcoreisdeaved attfaeXbal 

site, bhmted by Klenowfragnieat, followed fay deavage^^ TheKT-1 
badcbone is deaved by Oa I and blunted with Klenow fragment Mowed by 
deavagewithXhoI In a three part ligation, the Xho I-Hind IH HBV e sequence 
from SK+HBe^; Eitan^le 2A. the Hmd m-bhmted Xba I CMV HCV core 

10 fragment is ligated into the Xho I-bhmted da I sites of the KT-l xetiovira] 
badcbone. This vector construct is designated KT-HBVe/CMV HCV core. 



EXAMPLE? 

15 

TmNSSQ^ TmNSFECIION and TRANSDtJCnON OF 
PaOCAGINO CeLLLiNES HX AND DA 

A Plasmid PNA Transfect^'oT^ 

20 DX cells (WO^/05266) are seeded at 5 x 10^ cells on a 10 cm tissue 

culture dish on day 1 with Dulbecco's Modffied Eagle Medmm (OMEM) and 10% 
Fetal Bovine Serum (PBS). On day 2, the media is replaced with 5*0 ml fresh 
media 4 hours prior to trans&ction. A standard caldum phosphate43NA co- 
precqiitation is performed by mixing 40.0 23 M Caa2, 1^ 

25 deionizedH2Otoatotalvohmieof400/d. Four hundred microliteis of the DNA- 
C^C^ solution is added diopwise with constant agitation to 400 /d prec^tation 
buffer (50 mM HEPES-NaOH, pH 7.1; 025 M NaQ and 15 mM Na2HP04- 
NaH2p04)- This mixture is incubated at room ten^rature for 10 miTi^t^ Tflie 
reailtant fine prec^tate is added to a culture dish of cells. The cdls arc 

30 mmbated with the DNAprec^itaie overnight at 3T*C On day 3 the media is 
aspirated and fresh media is added. The sii^wrnatam dmtaining virus is lenioved 
on day 4, passed throu^ a 0,45 m filter and used to infect the DA packaging ceU 
line, murine fibroblasts or stored at -8(fC 

35 B. Paclcapgg Cell Line Tr aT^</f|i^»Ti 

DA (W092/Q5266) cells are seeded at 5x10^ cells/10 cm tissue 
culture dish in 10 ml DMEM and 10% PBS 4 /ig/ml polybrcne (Sigma. Sl Louis, 
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Missouri) on day L On day 2, 3.0 ml, 1.0 ml and 02 ml of the freshfy collected 
vixmamtainingDX media is added to the cells. The oeDs arc incubated with the 
virus ovemigbt at 37X11 On day 3 the media is removed and 1 ml DMEM, 10% 
FBS with 800 /ig/ml G418 is added to the plate. Onfy cells that have been 
5 transfected with the vector and contain the neo selectable marker wi^ A 
. 0418 resistant pool is generated over a period of a week. Ibe pool is tested for 
expresdon as described (Exanq)le 11)* The pool of cells is dihition doned by 
removing die cells from the plate and counting the cell suspension, dihidng the 
cells suspension down to 10 cells/ml and adding 0,1 ml to each well (Icell/weU) of 
10 a 96 well plate. Cells are incubated for 14 days at 10% CO2. Twen^four 
clones are selected and expanded up to 24 well plates, 6 weO plates then 10 cm 
plates at which time the dones are assayed for expression and the supematants 
are collected and assayed for viral titer. 

Ihe titer of the individual dones is determined by infection of 
15 HTIOSO cells, human fibroblast cell Kne ATOC OCL 121. On day 1, 5x10* 
HTIOSO cells are plated on eadi well of a 6 well ndcrotiter plate in3.0ml DMEM, 
10% FBS and 4 /tg/ml polybrene. The siq>ematant from each done is serially 
dihited 10 fold and used to Infect the HTIOSO cells in 1.0 ml aliquots. Ibe cells 
are incubated with the vector ovemigbt 3TQ 10% OO2 and the media is replaced 
20 with fresh DMEM, 10% FBS media on di^ 2. On day 3, selection of transduced 
ceUs is performed by replacing the media with fresh DMEM, 10% FBS media 
containing 800 Mg/inlG418. Cdls are incubated at STC, 10% CO2 for 14 days at 
whidi time G418 resistant colonies are scored at each dihition to determine the 
viral titer of eadi done as colony formmg units/ml (cfii/ml). 
25 Usii^ these procedures it can be shown that the titers of the 

HBVcore and HBVe producer ceD lines are: 

DAcore-1 SxlO'cbi/ml 
DAcore-10 IxlO^cfii/ml 
DAHBe4-7 3xlG^cfu/nil 
30 The packaging cell Hne HX, WO 92/05266, is transduced with 

vector generated from the DA vector producing cell line in tiie same manner as 
described for transduction of the DA cdls from DX supernatant 

For transduction of the DA (WO 92/05266) cells with a multivalent 
vector, laddng a neo sdectable mark^ , the infection procedure as noted above is 
35 used. However,insteadof adding G418 to the cells on day 3, the cells' are doned 
by limitmg dilution as explained above. Fifty dones are expanded for expression 
as explained above, and titer assisted as described in Example 9. 
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DEIEanoNOFREPucA1^o^rGoMI'ErE^f^RE^U7^^ 

5 

Tlie extended S'^LT assay detennines if replication competent, 
infecdoos virus is present tn the si^ematant of lliec^ Hieassay 
is based on the empirical observatioii that infectious retroviruses generate fod on 
die indicator cell line MiQi (ATOC CCL 64.1). TbeMiai cell line is derived 

10 from the MvlLo mink cell line (ATCX^ OCL 64) fay transducdon widi Murine 
Sarcoma Virus (M^V). It is a nonrproducer« non-transformed, revertant done 
containing a murine ygr^tna provirus ibat forms ^rcoma (S*^) indicating the 
presence of the MSV genome but does not cause leukemia QS) indicating the 
absence of replicadon competent virus. Infection of MiQx cells with replication 

15 competent retrovirus "acdvatesT the MSV genome to trigger *hransfbrmation'' 
which results in fod fionnation. 

Supernatant is removed from the cell line to be tested £Dr presence 
of r^lication ccm^petem retrovirus and passed throng^ a 0.45 /t fQter to remove 
ai^ cells. On day 1 MvlLu ceDs are seeded at 1x10^ cells p^ wdl (one wdOL per 

20 san^le to be tested) of a 6 well plate in 2 ml DMEM, 10% FBS and 8 ^g/ml 
polybrene. MvlLu cells are plated in the same manner for positive and negative 
controls on separate 6 well plates. Ibe ceUs are incubated overnight at 37X1, 10% 
(302. On day 2, LO ml of test siqiematant is added to die MvlLu cells. Ibe 
negative control plates are incubated with LO ml of media. Ibe positive control 

25 consists of three dilutions (200 £dcus fonaiing units, (EEii), 20 ffii and 2 fiii eadi in 
1.0 ml media) of MA. virus (Miller etaL, Afblec and CdL Biol 5.-431-437, 19SS) 
whLdi is added to the cells in ^ positive control weDs. The cells are incubated 
ovemi^t On day 3 the media is aspirated and 3.0 ml of fresh DMEM and 10% 
FBS is added to the cells. The cells are allowed to grow to confluence and are 

30 split 1:10 on d^ 6 and d^ 10^ anq>lifying any replicadon competoit retrovirus. 
On day 13 the media on the MvlLa cells is aspirated and 2.0 ml DMEM and 10% 
FBS is added to the cells. In addition the Midi cells are seeded at 1x10^ cells 
per well in 2.0 ml DMEM, 10% FBS and 8 iig/tel polybrene. On day 14 the 
supernatant from the MvlLu cells is transfened to the corresponding well of the 

35 MQi ceUs and incubated overnight at 3TC; 10% CX>2. On day 15, the media is 
aspirated and 3.0 ml of fresb DMEM and 10% FBS is added to the ceDs. On day 
21 the ceDs are examined under the microscope at lOX power for focus formation 
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(sqppeaiing as dustered, refractfle cells that overgrow the monolayex and remain 
attached) on the monols^ of cells. The test article is determined to be 
conlandnated with replication conq»etent retrovirus if fod appear on the MiQi 
cells* 

5 Using these procedures, it can be shown that the HBV core 

producer lines DA core-1, DA core- 10, and HBVe producer cell line DA HBe 
4-7, are not contaminated with n^lication competent retroviruses. 

10 

Tnesasa of MuunvALENT vectors 

Since the multivalent vectors do not contain a selectable marker, 
such as the neomycin gene, another way of titering the vector is described. More 

15 ^>edfical]y, 1.0 ml of vector supernatant is diluted five fold to a final dilution of 
lO^mL Oneroiiniiterof each dihition is then used to transduce 5x10^ HT1080 
cdls (ATCX: No. CCL 121) essentially as noted in £xaiiq)le 7B. However, instead 
of adding G418, DNA is extracted from each dish 7 d^ later as described by 
vms (/. BioL ChenL 259:7842^7849, 1984). The HBV e/core is an^Med by PGR 

20 usti^ the foUcwing PGR primers obtaxitedfiomGenset (Paris, Fran^^^ 

The PGR amplification for HBV e/core is performed with the sense 
primer that correspoiids to the nucleotide sequence 1865 to 1889 of the adw clone. 

(SEQUENCE ID. NO. 38) 
25 y-J; TTC AAG CCT CCA AGC TGT GCC TTG G 

This primer corresponds to the anti-sense nucleotide sequence 2430 
to 24(9 of the oefiv done. 

(SEQUfl^CEID.NO.39) 
30 y-yrTCTGCGACGOGGCGATTGAGA 

The probe sequ^ice used to confirm the presence of the desired 
PGR product and corresponds to the nucleotide sequence 1926 to 1907 of the adw 
strain of hepatitis B virus. 



35 (SEQUENCE ID. NO. 40) 

yO': GGA AAG AAG TCA GAA GGC AA 
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The PGR anqilificadon for hepatitis C core is perfonned with the 
sense primer that corresponds to the nadeodde sequence 328 to 342 of the HCV-J 
done. 

5 (SEQUENCE ID. NO. 41) 

5*-3': CATGAGCAC AAATCC 

This primer corresponds to the anti^seuse nucleotide sequence 892 
to 907 of the HCVJ done. 

10 (SEQUENCE ID. NO. 42) 

y-3': GGG ATG GTC AAA CAA G 

The prob e sequence used to confirm the presence of the desired 564 
bp PCR product and corresponds to die nucleotide sequence 674 to 693 of die 
HCVJ clone. 

15 

(SEQUENCE ID. NO. 43) 

y.3': CFTC GCGTAATIT GGG TAA GG 

the PCR anqtlification for hepatitis C NS3/NS4 is performed with 
the sense primer that corresponds to the nudeodde sequence 4876 to 4896 of the 
20 HCVJdone. 

(SEQUENCE ID. NO. 44) 

y^': TOCTGTGTG AGT GCT ATG ACG 
This primer corresponds to the anti-sense nudeotide sequence 6321 
25 to 6302 oftheHC\M done. 

(SEQUENCE ID. NO. 45) 

5'-3': GAA CTC ACT CAA CAC CGT GC 

The probe sequence used to confirm the presence of the desired 
30 1426 bp PCR product and corresponds to the nudeotide sequence 5618 to 5637 of 
the HCV-J done. 

(SEQUENCE ID. NO. 46) 

5*-3": CAC ATG TGG AAC TTC ATC AG 
35 The PGR products are anatyzed by Southern blot analysis with the 

qipropriate %>-4abeled probes (Sambrook et al.. Molecular Oomn^ a Laboratory 
Manual, 2nd ed.. Cold Spring Harbor Laboratory. Cold Spring Harbor. NY, 
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1989). Signal is eiqiected in all of the lower dilutions and gradually decrease at 
higher dilations. The last dilution where a signal is visible yields the infectious 
U/ml of the vector. 

5 

A. Transduction of Murine Cells with Vector Construct 

The murine fibroblast ceO Imes BCIOME (ATOC No. TIB8S) B16 
10 and LrMCIX J (ATOC No, CCL 13) are grown in DMEM containing 4500 mg/L 

ghicose, 584 mg/L L-ghitamine (Irvine Sdentific; Santa Ana, Califbniia) and 10% 

fetal bovine senun (FBS) (Gemini, Calabasas, California).. 

The BC10ME» B16, and Iy-M(TK:) fibroblast cell tines are plated at 1x10^ 

cells each in a 10 cm dish in DMEM, 10% FBS conqjlete and 4 Mg/ml polybrene. 
15 Eadi is transduced with 1.0 ml of the retroviral vector having a vector titer of 

approximately 10^ du/mL Qones are selected in DMEM, 10% FBS and 800 

fig/wl G418 as described in Exanq>Ie 7B. 

The EL4 (ATCC No. 11639) cells and EL4/A2/K^ cells (Shaman, 

L. Soipps Institute, San Diego, California) are transduced by co-cultuie with the 
20 DA producer cells. Spedficall/, LO x 10^ EL4 cells or 1 x 10^ HL4/A2/Kb are 

added to lxl06 irradiated (10,000 rads) DA (vector titer of £q;>proxzmately 10^- 

10^) producer cells in RPMI 1640 (Irvine Scientific Santa Ana, CalifbmiaX 10% 

FBS, and 4 /ig/mlpolybrene (Sigma, St. Louis, Missouri) on day 1. Qnday2;l.0x 

10^ irradiated (10^000 rad) DA producer cells are added to the co-culture. On 
25 day 5 selection of the transduced EL4 or EL4/A2/KB cells is initiated with 800 

Ag/ml G418. The pool is dilution cloned as described in Example 7B. 

BCIOME, B16, L-MCnC), ELr4 ceUs transduced fay multivalent 

vectors are not selected in G418; they are doned by limiting dihition as in 

£xanq>le 7B and assayed for eiqiression as described in Example llA.' 

30 

B. Transduction of Human C efls with Vector Ctonstmct 

Lymphoblastoid cell lines (LCL) are established for each patient by 
infecting (transforming) their B-cells with fresh Epstein-Barr vims (EBV) taken 
from the supernatant of a 3^week-old culture of B95-8, EBV transformed 
35 marmoset leukocytes (ATOC CRL 1612). Three weeks after EBV- 
transfoimation, the LCL are transduced with retroviral vector eiqiressing HBV 
core or e antigen. Transduction of LCL is accomplished by co-culturing 1.0 x 10^ 



wo 93/15207 PCrAK93/01009 

52 

LCL cells with 1.0x 10^ tnadiated (10,000 rads) HXprcMiucer cells in a 6 cm plate 
contaimng 4.0 ml of medium and 4.0 mg/ml polybrene. The cultme medimn 
consists of RFMI 1640, 20% heat inactivated fetal bovine sennn (Hydone, Logan, 
UtahX S.0 mM sodium |iynivate and 5.0 mM non-essential amino adds. After 

5 overnight co-culture at37^ and 5% COji the LG^ suspension cells are removed 
and 1 X 10^ cdls are again oo-cultured fiar another 6*18 hours in a fresh plate 
containing LOx 10^ irradiated (10.000 rads) HX producer cells. Transduced LCX 
cells are selected by adding 900 mg/ml G418 and doned to obtain hi|^ expression 
dones. The Jurkat A2/K^ cells (L. Sherman, So^s faistitute, San Diego, 

10 California) are transduced essentiaDy as described for the transduction of T<X 
cells. LCLs transduced by multivalent vectors are not selected in G418; they are 
doned by limiting dilution as in Exanqile 7B and asss^ed for coipression as in 
Example llA. 

15 

EXAMPLE U 
Expression ofTransduosd Gcnes 

20 A. EOSA 

Cell lysates from cells transduced by KT-HBe or KT-HBc are made 
by washing 1.0 x 10^ cultured cells with PBS, resuspending the cells to a total 
volume of 600 pi on PBS, and sonicating for two S-second perTods at a setting of 30 
in a Branson sonicator. Model 350, (Usher, Pittsburgh, Pennsylvania) or by freeze 

25 thawing three times. Lysates are darifred by oentrifugatioji at 10,000 ipm fr>r 5 
nnmites. 

Core antigen and precore antigen in cell lysates and secreted e 
antigen in culture supernatant are assayed using die Abbott HBe, iDNA EIA kit 
(Abbott Labozatoiies Diagnostic Division, Oiicago, Illinois)* Another sensitive 

30 EKA assay for precore antigea in cell lysates and secreted e antigen in cultdxe 
supernatant is performed using the Incstar EH-EB kit, (fricstar Coiporation. 
Stillwater, MN). A standard curve is generated from dihitions of recorabmant 
hepatitis B core and e antigen obtained from Biogen (Geneva, Switzerland). 

Usmg these procedures approximately 10 x^ml e antigen is 

35 oqiressed in transduced ceU Unes that have been prepared as described in 
paragraph 1 of tiiis exan^le (see Figure 5). 
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B. Eicpression of Transduced Genes by Western Blot Analysis 

Proteins are separated according to their molecular weight (MW) hy 
means of SDS polyao^amide gel dectrophoresis. Proteins are then transferred 
from the gel to a IPVH Ixninobiloii-P mem(brane (MiUipote Corp^ Bedford, 

5 Massadmsetts.). Tlie Hoefer HSI TIE transfer ^>paiBtu$ (Hoefer Scientific 
Instrmnents* California) is used to transfer proteins from the gel to the membrane. 
Ihe membrane is then probed with polydonal antibodies from patient serum that 
reacts specifically with the expressed protein. Hie bound antibody is detected 
using ^-labeled protein A, whidi allows visualization of the transduced protein 

10 by autoradiography. 

C Immunopredpitation/WcsteTn Blot 

Characterization of the precore/oore and e antigens expressed by 
transduced ceils is perfonned by xmnnmopredpitation followed by Western blot 

15 analysis. Specifically, OJ-1.0 ml of cell lysate in PBS or culture supernatant is 
mixed with po^donal rabbit anti-hepatitis B core antigen (DAKO Coiporation, 
Caipinteria, California) bound to G-Sepbarose (Pharmacia LKB, Uppsala, 
Sweden) and incubated overnight at 4*^0 Samples are washed twice in 20 mM 
Tris-HO, pH 8.0, 100 mM Nad, 10 mM EDTA and boiled in sample loading 

20 buffer with 0J5% 2-beta mercs^toetfaanoL Proteins are transferred to 
Immobilon (Millipore Corp., Bedford, Maine) and probed with the DAKO 
polydonal rabbit anti-hepatitis core antigen followed by ^-^mitein A. 

Using these procedures, it can be shown that the 17 Kd HB e 
protein is secreted by transduced mouse cells into the culture supernatant and the 

25 p22, p23 intermediate hepatitis B e products am present mainly the lysates of 
transduced mouse cells. Figure 6. 



EXAMPLE 12 

30 

A. Cytotoxictty Assays 
i Inbred Mice 

Six- to eigbt-week-old female Balb/c; CS7Bi/6 and C3H mice 
(Harlan Sprague-Dawl^, Indianapolis, Indiana) are injected twice 
35 intn^ritoneally ^p.) with 1 x 10^ irradiated (10,000 rads at room temperature) 
vector transduced BCIOME, B16 and LrM(TK*) cells respectively. Animals arc 
sacrificed 7 days later and the splenocytes (3 x l(]6/ml) culmred m vtrv with their 
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respective irradiated transduced cdls (6xl0^/iiil) in T-2S flasks (Coming, 
Coming, New York)* Culture medium consists of RFMI 1640, S% heat- 
inactivated &tal bovine ^nmi, 1 mM sodium pyntvate, 50 ^g/ml gentanxydn and 
Vi^M 2-merc^toethanoI (Sigma, St Louis, ft^ouxi). EEGector cells are 
5 harvested 4-7 days later and tested using various effectontarget cell ratios in 96 
vveH micFotiter plates (Ooinxn& Cnnning, New York) in a standard chromium 
release ass!^. Targets are the transduced and nourtransduced BCIOME, B16 and 
IrM(IK~) where the non4ransduced cell lines are used as negative controls. 
Spedflcally, Ns^^HlbrO^^abded (Amersham, Arlington Hdghts, Illinois)(100 uCl, 
10 1 hr at 3rc) target cells (1 x 10^ cells/well) are mixed with elector cells at 
various effector to target cell ratios in a final vohime of 200 pJ* Following 
incubation, 100 ;d of culture medium is removed and analyzed in a Bedcman 
gamma spectrometer (Bedcman, Dallas, Texas). Spontaneous release (SR) is 
detemxined as CPM firom targets phis medium and mnTinnmi rdease (MR) is 
■ 15 determined as CPM finom targets plus IM HCL Percent target cdl fysis is 
calculated ar. [(EfBector ceQ + target CPM) - (SR)/(MR) - (SR)] x 100. 
Spontaneous release values of targets are typically 10%*20% of the MR. 

a HLAjaJTmnsgmcMke 

20 Six- to eigbt^ek-ohl female HIA AZl transgenic mice (V. 

Engelhard, Charlottesville, Virginia) are iiy ected twice intrsqperitoneally (ip.) with 
1 X 10^ irradiated (10^000 rads at room temperature) vector transduced EL4 
A2/Kb cells. Animals are sacrificed 7 d^ later and the splenocytes (3 x 10^/ml) 
cultured in vitro with irradiated (10^000 rads) transduced Jurkat A2/K^ ceDs 

25 (6 X 10*/ml) in flasks (T-25, Cormng. Commg, New York). The remamder of the 
chromium release assay is performed as described in Bcanqile 12A. where the 
targets aic transduced and non-transduced £L4 A2/K^ and Jurkat A2/K^ cells. 
Non-tcansduoed cell lines are utilized as negative controls. 

30 UL Human CTL assays 

Human FBMC are separated fay Ficoll (Sigma, St. Louis, Missouri) 
gradient centiifagation. Specifically, cdls are centrifuged at 3,000 xpm at room 
teixq)eratnre for 5 minutes. The PBMC^ are restunulated 01 vitro with their 
aotologous transduced LCL, Example lOB, at an eSectornarget ratio of 10:1 for 

35 10 djgrs, Qilture medium consists of RPMI 1640 with prescreened lots of 5% 
heat-inactivated fetal bovine serum 1 mM sodium pyruvate and 50 fm/ml 
gentamydn. The resulting stimulated CIL effectors are tested for CIL actmty 
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using transdoced autologous LCL or HIA matched cells as targets in (ho standard 
diroxxmtm release assay. Example 12A. Since most patients have tmnmnily to 
EBV, the non-transduced EBV-transfbrmed B-cells (LCL) used as negative 
controls, wiD also be recognized as taigets fay EBV-spedfic CTL along with the 
5 transduced LCL In order to reduce high background cytotaxidty due to killing of 
labeled tax^t cells by EBV-spedfic CEU it is necessary to add unlabeled non- 
transduced LCL to labeled target ceUs at a ratio of S(hL 

B. pg^isftion of Humoral Imnrone Response 
' 10 Humoral imnume responses specific for HBV core and e antigpos 

are detected by EUSA. The BUSA protocol utilizes 100 Ag/weQ of recombinant 
HBV core and recombinant HBV e antigen (Biogen, Geneva, Switzerland) to coat 
96^wen plates. Sera from mice imnmnized with cells or direct vector expressing 
HBV core or HBV e antigen are then serially diluted in Hie antigen-coated wells 

15 and incubated for 1 to 2 hours at room teno^eratnre. After incubation, a mixture 
of rabbit anti^nouselgGl, IgGZa, IgG2b, and JgG3 with equivalenl titers is added 
to the wells. Horseradish peroxidase CHRFO-conjngated goat and-rabbit anti- 
serum is added to eadi well and the samples are incubated for 1 to 2 hours at 
room tesq>erature. After incubation, reactivity is visualized by adding the 

20 appropriate substrate. Color will develop in wells that contain antibodies spedfic 
£dt HBV core or HBV e antigen. 

Using these procedures, it can be shown that'antibody to HBV core 
and e antigens can be induced. Figures 7A and 7B. 

25 C 7 cell proliferation 

Antigen induced T-helper activity resultio^g from two or three 
injections of direct vector {reparations expressing HBV core or e antigen, is 
measured in vitro. Specifically, splenocytes from immimized mice are restimulated 
in vitro of a predetermined ratio with cells eiqiressing HBV core or e andgen or 

30 with cells not expressiqg HBV core or e antigen as a negative oontroL After five 
daysin RPNfl 1640 culture medium containing 5% FBS; 1.0 inM sodium pyrijnraite 
and 10"^ 2-beta mercaptoethanol at 37*C and 5% CP2, supernatant is tested for 
IL-2 activily, which is secreted specifically by T*helper cells stinmlated by HBV 
• core or e antigen. IL-2 activity is measured using the CIL done, CI1JL/-2 (ATCC 

35 Tffl 214X vMeh is dependent on ILr2 for growth. The CILLr2 done will not 
proliferate in the absence of ILr2. CTLLrl ceUs are added to serial dilations of 
5iq>eraatant test samples in a 96^11 plate and are incubated at 3TC and 5%, 
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Cp2 for 3 days. Subsequently. 05 /iQ ^H-thymidine is added to tJie CTLLrZ ^H- 
tbymidine is incorporated ODly if the After an overnight 

incabadon, cells are harvested using a FHD cell harvester (Canibridge 
Technology Inc^ Watertown, Massachusetts) and counted in a Bedonan beta 
5 counter. Hie amount of 11^2 in a sample is detennlned from a standard curve 
generated from a standard recombinant IL-Z obtained from Boehringer 
Mannheim, Indianapolis, Indiana). 

10 gyAMPlU513 

iDEKiiRovnoN OF Immunogenic Domains opHBV Preoore/oorb 

T-cell qyitopes may be prediaed utilizmg computer algoriduns such 
15 as T-Sites (Medlmnnme, Maryland). From this analysis, peptides are synthesized 
and nsed to identify CIL qnitopes. Effector cells from individuals with acute 
hepatitis B infection that have been stimulated in vtro with transduced antologons 
(Example 1(1B)IjCL are tested on autologous LCLs coated with the peptic Hie 
diromium release ass^ is performed as described in Exanqile 12A iii, except that 
20 peptide is added to non-transduced Na2^k>04rlabeled LCL aloxig with effector 
ceils to a &ial concentration of 1-1(K) fig/mL The reaction is incubated 4-6 honrs 
and a standard chrommm release assay performed as descrO^ed in Example 12AL 

25 mmPi^H 

TUMORIGENiarYANDTRAN5P0RMAlK»< 

A. 7>iTnf^gf >^city Assay 

30 lYnnor fbimation in nude mice is a particolarly important and 

sensitive method for detenmning tumodgenid^. Nude mice do not possess 
mature T-cells, and ther^re lac^ a fimctional celbilar inumme syst^ 
a nseMmvnw mode] in whicb to test the tumongenic potential of c Normal 
non-tumorigenic cells do not displs^ uncontrolled growth properties if injected 

35 into nude mice. However, tumorigenic transformed cells win rapidty proliferate 
and generate tumors in nude mice. Briefly, the vector construct is admimstered by 
injection into nude mice. Ibe mice are visually examined for a period of 4 to 16 
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weeks after injection in order to detennine tuinor growth The mice may also be 
sacrificed and aatopsied in order to determine Aether tumors are present 
(Giovanella etaL, 7. Nad. Cancer Inst 4»:1531-1533, 1972; Fnresz etaL, 
n^unorigenidty testing of cdl lines considered for production of biological drugs,** 
5 Abnormal Cdh, New Products and Risk, Hopps and Fetiicctam (eds), Ussue 
Culture Associatioo, 1985; Levenbook et al, /. Btdl St± 75:135-141, 198S). Hiis 
test is performed by Quality Biotedi Lux, (Camden, New Jersey). 

Tpni^frffmation Assav 

10 Tumorigenidty has shown to be closely correlated with the property 

of transformation. One ass^ \^ch may be utilized to determine transformation 
in colony formation of cells plated in soft agar (MacPherson et aL, I^. 25:291-294, 
1964). Briefly, one property of normal non-transformed ceQs is anchorage 
dependent growtL Normal non-transformed cells will stop proUferatmg when 

15 they are in semirsolid agar support medium, whereas transformed cells wiD 
continue to proliferate and form colonies in soft agar. 

iniOSO (ATCC CCL 121X a neoplastic cell line derived from 
human fibrosmtoma and known to cause tumors in 100% of nude mice, is used as 
the assay positive control WI-38 (ATCC CCL 75), a diploid embryonic human 

20 lung cell line ^cfa is not tumorigenic in nude mice, is used as the as^y negative 
controL 

WI-38 cell lines are transduced with the vector oonstruct as 
described in Example 7B. Duplicate ^mples of each of the transduced cell lines, 
HTIOSO, and WI-38, are cultured in agar. Briefly, a lower layer of 5.0 ml 0.8% 

25 Bactoagar (Difco, Detroit, Michigan) in DMEM 17% FBS is set on 60 mm tissue 
culture plates. This is overiaid with 2.0 ml 03% Bactoagar in the same medium 
with the cells suspended at a concentration of 5 x 10^ oells/mL To reduce 
badtground chimps, each oeU line is strained through a 70 Am nylon mesh before 
suspending in the agar solution. The plates are incubated at 37^ in ahimiidified 

30 atmo^here of 5% CO2 for 14 di^ Within 24 hours of plating, r^)resentative 
plates of each cell line are examined for cell dunqis present at the time of plating. 
On day 13, the plates are stained with 1.0 ml INT viral stain (Sigma, St Louis, 
Nfissouri) and on day 14, ib^ are scanned for colonies of 150 pm in diameter 
using a 1 mm eyepiece redde. 

35 Only colonies spanning 150 Mm in any orientation are scored, 

because colonies of this size can be readily observed in all planes under the 
niicn^cppe and non-transfonnedcelhrardy form colonies of this size. Attheend 
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of the assay, the pladng effidendes for eadi cell line are calculated as b/ax 100, 
where b equals the sum of colonies on all plates, and a equals the total nuniber of 
cells plates. A non-^ransfonned ceU line is one has a plating effiden(y of 
lower than or equal to 0.001%. Hierefore, a transformed cell line wOl have a 
plating efiEiciency of greater than 0.001 % (Risser et aL, 59:477-489. 1974). 



EXAMPLES 
10 AoMiNisiiR/aiQN Protocols 

A- l^ce 

Ihe mouse q^stem is used to evaluate the induction of Immoral and 
cell-mediated immune responses wiih direct administration of vector encoding 

15 HBV core or e antigen. Six- to d^-week-old female Balb/Q C57B16 or OH 
mice are injected intramuscularly Qjsl) with 0.1 ml of reconstituted (with sterile 
deionized. distiUed water) lyophilized HBV core or HBV e expressing retroviral 
vector. Two injections arc givMi one week apart Seven days after the second 
injection, the animals are sacrificed Ibe chrommm release CIL assays are 

20 preferred essentially as described in Example 12AL 

B. Orimpam^ ^ Adnrimstration Protncol 

TTie data generated in the mouse system from Example ISA is used 
to determine the protocol of administration of vector in diinyanzees chronically 
25 infected with hepatitis B vims. Based on the induction of HBV-spedfic CILs in 
mice, the subjects in chinqjanzee trials win receive three doses of vecto 
core or e antigen at 28 day intervals given in two successively escalating dosage 
groups. Control subjects win receive a placebo comprised of BBV-IT (V) 
formulation media. TliedosagewiUbeeither lO^or 10^HBV-rT(V)c&xgivenin 
fonr05mliigectionsLm.oneadiir4ecriQttday, Blood sanqiles will be drawn on 

days 4. 12. 24, 36, 52, 70 and 84 and months fi, 12, 18, 24, 3a and 36 m order to 
measure scmm ALT levels, the presence of hepatitis B e antigen, the presence of 
antibodies directed against the hepatitis B e antigen and to assess safety and 
tolerability of the treatment. Tbe hepatitis B e antigen is detected by Abbott HB 
erDNAEIA kit as described in Example llA. Antibodies to HBe antigen can be 
detected by Abbott HB e rDNA EIA kit and efficacy of the induction of CILs 
against hepatitis B core or e antigen can be determined as in Example 12A iii. 



30 
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Based on the safety and efiBcacy results from the dsimpanzee studies, the dosage 
and inoculatioii sdiedule will be determined for administration of the vector to 
subjects in human trials. There subjects are monitored for serum ALT levels, 
presence of hepatitis B e antigen and the presence of antibodies directed against 
5 the h^atitis Be antigen essential^ as described above. Induction of human CTLs 
against hq)atitisB core ore antigen is determined as in Example 12A. 

From the foregoing, it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of 
10 illustration, various modifications m^ be made without deviatmg from the spirit 
and scope of the invention. Accordingly, the invention is not limited except as by 
the sqypeiuled daims. 
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SEQUENCE LISTING 



(1} GENERAL INFORMATION: 

(1) APPLICANT: Jolly, Douglas J. 

Chang, Stephen M.W* 
Lee, Ullliaei T.L. 
Townsend, Kay 
O'Dea, Joann 

(ii) TITLE OF INVENTION: HEPATITIS THERAPElfTICS 

(111) NUMBER OF SEQUENCES: 56 

(1v) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Seed and Berry 

(B) STREET: 6300 Columbia Center, 701 Fifth Avenue 

(C) CITY: Seattle 

(D) STATE: Washington 

(E) COUNTRY: U.S. 

(F) ZIP: 98104 

(V) OfflPUTER REMJABLE FORM: 

(A) MEDIUM TYPE: Hoppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/HS-DOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.25 

(v1) CURRENT APPLICAHON DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(V111) AHORNEY/AGENT INFORMATION: 

(A) NAME: HcMasters, David D. 
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(B) REGISTRATION NUMBER: 33,963 

(C) REFERENCE/Ixmr NUMBER: 930049.407PC 

(1x) TELEOmiNICATKKl INFORMATION: 

(A) TELEIWNE: 206-622-4900 

(B) TEUFAX: 206-682-6031 

(C) TaEX: 3723836 



(2) INFOIMTimi FOR SEQ ID N0:1: 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENSTK: 35 base pairs 
(9) TYPE: nucleic acid 
(C) STRATOIEDNESS: single 
(0) TOPOLOGY: linear 

(11) miECULE TYPE: dm 

(111) KYPOfTKETICAL: NO 

(V) FRAGMENT TYPE: N-termlnal 



(x1) SEQUENCE DESCRIPTimi: SEQ ID N0:1: 
CTCGAGaCG A&6CACCA6C ACCATGCAAC TTTTT 35 
(2) INFORMATICni FOR SEQ ID N0:2: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRAMDEDNESS: single 

(D) TOPOLOGY: linear 
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(11) MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 
(v) FRACMENT TYPE: N-tennlnal 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 
CTACTAGATC CCTAfiATGCT GGATCTTCC 
(2) INFORMATION FOR SEQ ID N0:3: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) mLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 
(V) FRAGMENT HPE: N- terminal 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 
GGAAGATCCA 6CATCTAGGG ATCTAGTAG 
(2) INFORMATION FOR SEQ ID N0:4: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 
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(C) STRAKDEDNESS: single 

(D) TOPOLOGY: linear 

MOLECULE TYPE: cDNA 
(Hi) HYPOTHETICAL: KO 
(V) FRAfflEMT TYPE: N-tenninal 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 
6GSC6ATATC AAGCHATCfi ATACCG 26 
(2) INFORMATION FOR SEQ ID N0:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 
(iii) HYPOTHETICAL: NO 
(v) FRAGMENT TYPE: N-tennlnal 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 
AATACGAaC AQATAGGG 
(2) INFORMATION FOR SEQ ID N0:6: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA 
(Hi) HYPOTHETICAL: NO 
(V) FRAGMENT TYPE: H-tenninal 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:6: 
ATTAACCCTC AaAAAG 
{Z) INFORMATION FOR SEQ ID ND:7: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(i1) MOLECULE TYPE: cDNA 
(Hi) HYPOTHETICAL: NO 
(v) FRAGMENT TYPE: N-terminal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
AATACGACTC ACTATA6G6 
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(2) INFORHATION FOR SEQ ID N0:8: 

(1) SEQUENCE CHARAaERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cEWA 
(ill) HYPOTHETICAL: NO 
(V) FRAGMENT TYPE: N-tennlnal 



(x1) SEQUENCE DESCRIPTION: SEQ ID N0:8: 
CCTCGAGCTC GAGCTTGGGT GGCTTTGGGG CATG 34 
(2) INFORHATION FOR SEQ ID N0:9: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) nPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: dJNA 
(111) HYPOTHETICAL: NO 
(v) FRAGMENT TYPE: N-temlnal 
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(xi) SEQUENCE DESCRIPTION: SEQ ID K0:9: 
ATTACCCCTC ACTAAAS 
(2) IKFORMAnON FOR SEQ ID K0:10: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) SHUVNDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 
(iil) HYPOTHETICAL: NO 
(v) FRAGMENT TYPE: N-temiinal 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:10: 
6TAGACCGTG CATCATGA6C 
(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iil) HYPOTHETICAL: NO 
(V) FRAGMENT TYPE: N-tenninal 
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(x1) SEQUENCE DESCRIPTION: SEQ ID N0:11: 
ATAGCG6AAC AGAGAGCAGC 20 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 55 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE nPE: cDNA 
(111) HYPOTHETICAL: NO 
(v) FRAGMENT TYPE: N- terminal 



(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
CTCGA6CTCG AGCCACCATG AGCACAAATC CTAAACaCA AAGAAAAACC AAAC6 55 
(2) INFORKATIOH FOR SEQ ID NO: 13: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 62 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cONA 
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(ill) HYPOTHETICAL: KO 
(V) FRAGMEffT TYPE: N-tennlnal 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:13: 
GCAAGCTTAA 6CTTCTATCA AGCGGAAGa 6GGATG6TCA AACAAGACAG CAAAGCTAAG 60 
AG 62 
(2) INFORMATION FOR SEQ ID NO: 14: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 55 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(V) FRAOIENT TYPE: N-terminal 

(x1) SEQUENCE DESCRIPTION: SEQ ID N0:14: 
AAGCTTAAGC TTCCACCATG AGCACAAATC CTAAACCTCA AAGAAAAACC AAACG 55 
(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 62 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANOEDNESS: single 
(0) TOPOLOGY: linear 

(i1) MOLECULE TYPE: cDNA 

(lil) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: H-termlnaT 

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
GCCTCGAGa CGAGCTATCA A6AGGAAGCT GGGATGGTCA AACAAGACAG CAAAGCTAAfi 60 
AG 62 
(2) INFORMATION FOR SEQ ID NO: 16: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRATSEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cONA 
(11 i) HYPOTHETICAL: NO 
(V) FRAfflENT TYPE: N- terminal 



(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:16: 
GTGCATGCAT GTTAGTGCG 



19 
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(2) IMFORMWriOH FOR SEQ 10 «0:17; 

(I) SEQUENCE CHARACTERISTICS: 

(A) LEKGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) sntANDEI»iESS: single 
(0) TOPOLOGY: linear 

(II) MOLECULE nPE: cWIA 
(111) HYWJTHETICAL: NO 

(V) FRAGMENT TYPE: N-term1nal 



(Xl) SEQUENCE DESCRIPTION: SEQ. ID NO: 17: 
CGICGTGTAT GCGTTGAT66 
(Z) INFORMATION FOR SEQ ID NO: 18: 

(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 59 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(II) MOLECULE TYPE: cDHA 
(111) HYPQTHEnCAL: NO 

(V) FRAGMENT TYPE: N-teimrtnal 



(xl) SEQUENCE DESCRIPTI(»4: SEQ ID N0:I8 
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CCTCGACaC BA6CCACCAT GGGGAAGGAS ATACHCTAG GACCGGCCGA TASTmrGG 59 
(2) INFORMATION FOR SEQ ID N0:19: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNES5: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(V) FRAGMENT TYPE: N-tenninal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
GCAAGCHAA GCHCTATCA GCGTTGGCAT GACAGGAAAG GGAGTCCCGG TAACCGCGGC 60 



(Z) INFORMATION FOR SEQ ID N0:20: 

(1) SEQUENCE CHARAaERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 
(ill) HYPOTHETICAL: NO 
(V) FRAGMENT TYPE: N-terralnal 
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(xi) SEQUENCE DESCRIPTION: SEQ 10 K0:20 
ATAAATAGAA GGCCTGATAT G 
(2) INFORMATION FOR SEQ ID N0:21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(lii) HYPOTHETICAL: NO 

(v) FRA01ENT TYPE: N-terainal 



(x1) SEQUENCE DESCRIPTION: SEQ ID N0:21 
GCAA6CTTAC AATGTACAGG ATGCAACTCC T6TCT 
(2J INFORMATION FOR SEQ ID N0:22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 
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(iii) HYPOTHETICAL: NO 
(V) FRAGHENT TYPE: N-terroinal 



(Xl) SEQUENCE DESCRIPTION: SEQ ID N0:22: 
6ACKGA6TT ATCAAGTCAG TGHGAGATG ATGCT 
(2) INFORMATION FOR SEQ 10 N0:23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iil) HYPOTHETICAL: NO 
(V) FRAGHENT TYPE: N-tenn1nal 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:23: 
6CCTC6AGAC AATGTACA6G ATGCAACTCC TGTa 
(2) INFORMATION FOR SEQ ID N0:24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 
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(11) rWLECULE TYPE: cDMA 
HYPOTHETICAL: NO 
(v) FRAGMENT TYPE: N-tenninal 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:24: 
6AGCGCCCTT ATCAAGTCA6 TGTT6AGATG ATGCT 35 
(Z) INFORMATION FOR SEQ ID N0:25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 53 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(Hi) HYPOTHETICAL: NO 

(V) FRAGMENT TYPE: N-tenninal 

(x1) SEQUENCE DESCRIPTION: SEQ ID N0:25: 

CGAAGCTTAA GCTTGCCATG GGCCACACAC GGAGGCAGGG AACATCACCA TCC 53 

(2) INFORMATION FOR SEQ ID N0:26: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 52 base pairs 
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(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(0) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA 

(111) HYPOTHETICAL: NO 

(V) FRAGMENT TYPE: N-terminal 



(x1) SEQUENCE DESCRIPTION: SEQ ID N0:26: 
CCTCGA6CTC GAGCTGHAT ACAGGGC6TA CACTHCCa TCTCAATCTC TC 52 
(2) INFORMATION FOR SEQ ID N0:27: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 52 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

(i1) MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 
(V) FRAGMENT TYPE: N-tennlnal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
CaCGAGCTC 6AGGCCATGG GCCACACACG GAGGCAGGGA ACATCACCAT CC 
(2) INFORMATION FOR SEQ ID N0:28: 



52 
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(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 52 base pairs 

(B) TYPE: nucleic acid 

(C) STFANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA 
(111) HYPOTHETICAL: NO 
(V) FRAGMENT TYPE: N-terrainal 



(x1] SEQUENCE DESCRIPTION: SEQ ID N0:28: 
CGGGCCCGGG CCCCTGHAT ACAGGGCSTA CACTTTCCCT TCTCAATaC TC 52 
(Z) INFORMATION FOR SEQ ID NO: 29: 

(1) SEQUENCE CHARACTERISncS: 

(A) LENGTH: 72 base pairs 

(B) TYPE: nucleic acid 

(C) STKANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA 
(111) HYPOTHEnCAL: NO 

(V) FRAGMENT TYPE: N*tenn1nal 



(x1) SEQUENCE DESCRIPTION: SEQ ID N0:29: 
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SCAAGCnAA GCTTGAGGAT GTGfiaGCAfi AGCCT6CTGC TCTT6G6CAC T6T6GCCTSC 60 
A6CATCTCT6 CA 72 
(2) INFORMATION FOR SEQ ID N0:30: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 75 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(i1) MOLECULE TYPE: cONA 
(Hi) HYPOTHETICAL: NO 
(v) FRAGKDIT TYPE: N-tennlnal 



(Xl) SEQUENCE DESCRIPTION: SEQ ID N0:30: 
TCCTGGATGG CATTCACATG aCCCAGGGC TGCGTGCTGG GGCTGGGCGA GCGGGCG6GT 60 
GCAGAGAT6C T6CAG 75 
(2) INFORMATION FOR SEQ ID N0:31: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 61 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA 
(111) HYPOTHETICAL: NO 
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(V) FRAGMEMT TYPE: N-terminal 



(Xl) SEQUENCE DESCRIPTION: SEQ ID K0:31: 
GAATGCCATC CAGGAGGCCC GGCGiaca GAACCTGAGT AGAGACACTG CTGCTGAGAT 60 
G 61 
(2) INFORMATION FOR SEQ ID N0:32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 96 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 
(v) FRAGMENT TYPE: N-tenninal 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:32: 

CHGTACAGC TCCAGGCGGG TCTGTAGGCA GGTCGGaCC TGGAGGTCAA ACATTTCTGA 60 

GATGACTTCT ACTGTTTCAT TCATCTCAGC AGCAGT 96 

(2) INFORMATION FOR SEQ ID N0:33: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 90 base pairs 
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(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(V) FRAe«EffT TYPE: N-tennlnal 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:33: 
CCTGGAGCTG TACAAGCA6G GCCTGCGGGG CAGCCTCACC AAGCTCAAGG GCCCCHGAC 60 
CATGATGGCC AGCCACTACA AGCAGCACTG 90 
(2) INFORMATION FOR SEQ ID N0:34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 58 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS? single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: CONA 
(111) HYPOTHETICAL: NO 
(V) FRAGMENT TYPE: N-terminal 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34: 
GGTGATAATC TGGGTTGCAC AGGAAGTTTC CGGGGHGGA GGGCAGTGCT GCTTGTAG 58 
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(2; INFORMATION FOR $EQ ID N0:35: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 59 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA 
(111) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: N-tenninal 



(Xl) SEQUENCE DESCRIPTION: SEQ ID ND:35: 
CAACCCAGAT TATCACCTTT GAAAfiTHCA AAGAGAACCT 6AAGGACTTT CTGCTTGTC 59 
(2) INFORMATION FOR SEQ ID N0:36: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 69 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA 
(111) HYPOTHETICAL: NO 
(V) FRAGMENT TYPE: N-termlnal 
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(xl) SEQUENCE DESCRIPTION: SEQ ID N0:36: 
GCCTCGAfiCT CGAGGTCTCA CTCCTGfiACT GGCTCCCAfiC AGTCAAAGG6 6AT6ACAA6C 
AGAAAGTCC 

(2) INFORMATION FOR SEQ ID N0:37: 

(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 69 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(II) MOLECULE TYPE: cDNA 
(111) HYPOTHETICAL: NO 

(V) FRAGMENT TYPE: N-terminal 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:37: 
GCTCTAGATC TAGAGTCTCA CTCCT66ACT GGCTCCCA6C AGTCAAAGGG 6ATGACAAGC 60 ' 
A6AAAGTCC 

(2) INFORMATION FOR SEQ ID N0:38: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 
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(111) HYPOTHETICAL: NO 
(V) FRAfiHETfT TYPE: N-tenninal 



(xl) SEQUENCE DESCRIPTION: SEQ ID N0:38: 
TTCAAGCCTC CAAGCTGTGC CTTG6 25 



(2) INFORMATION FDR SEQ ID N0:39: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 
(V) FRAGMENT TYPE: N-terralnal 



(xi) SEQUENCE -{DESCRIPTION: SEQ ID N0:39: 
TCTGCGACGC GGCGATTGAG A 21 
(2) INFORMATION FOR SEQ ID N0:40: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOfiY: linear 
(11) MOLECULE TYPE: cONA 
(111) HYPOTHETICAL: NO 
(V) FRAGHEKT TYPE: N-termlnal 

(Xl) SEQUENCE DESCRIPTION: SCQ ID N0:40: 
66AAA&AAGT CAGAAGGCAA 
(2) INFORMATION FOR SEQ ID N0r41: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) .TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) mLECULE TYPE: cONA 
(iii) HYPOTHETICAL: NO 
(v) FRAGMENT TYPE: N-terniinal 

(xl) SEQUENCE DESCRIPTION: SEQ ID N0:41: 
CATGAGCACA AATCC 

(2) INFORMATION FOR SEQ ID N0:42: 
(1) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRMa)EONESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 
(V) FRAGMENT TYPE: N-tennlnal 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:42: 
GGGATGGTCA AACAAG 
(Z) INFORMATION FOR SEQ ID NO: 43: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA 
(111) HYPOTHETICAL: NO 
(V) FRAGMEfn* TYPE: N-terralnal 



(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 43: 
6TCGCGTAAT HGGGTAAGG 
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(2) INFORMATION FOR SEQ ID NO: 44: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) nPE: nucleic acid 

(C) STPANDEDNESS: single 
(0) TOPOLOGY: linear 

(11) MOLECULE TYPE: cONA 

(111) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: N-tertnlnal 



(x1) SEQUENCE DESCRIPTION: SEQ ID N0:44: 
TCCT6TGT6A 6T6CTATGAC 6 
(2) INFORMATION FOR SEQ ID N0:45: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA 
(111) HYPOTHCTICAL: NO 
(V) FRAGMEhTT TYPE: N-termlnal 



(xi) SEQUENCE DESCRIPTION; SEQ ID N0:45: 
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GAAGTCACTC AACACC6TGC 20 
(2) INFORMATION FOR SEQ ID N0:46: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA 
1111) HYPOTHETICAL: NO 
(V) FRAGMENT TYPE: N-termlnal 



(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:46: 
CACATSTGGA ACTTCATCAG 
(2) INFORMATION FOR SEQ ID N0:47: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 72 base pairs 

(B) TVPE: nucleic acid 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDMA 
(ill) HYPOTHETTCAL: NO 
(v) FRA01ENT TYPE: N-tennlnal 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:47: 
GCCTCGAGCT CGAGGA6GAT GTGCaGCAfi A6CCTGCTGC TCTTGG6CAC T6TGGCCTGC 60 
A6CATCTCTG CA 72 
(2) INFORHATION FOR SEQ ID N0:48: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 68 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 
{V) FRAGMENT TYPE: N-terolnal 

(x1) SEQUENCE DESCRIPTION: SEQ ID N0:48: 
GCaCGAGCT CGA6GTCATC CTCAGGCCAT GCAGTGGAAT TCCACTGCCT TGCACCAAGC 60 
TaeCAGG 68 

(2) INFORMATION FOR SEQ ID N0:49: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 63 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: single 
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(D) TOPOLOGY: linear 
(i1) MOLECULE TYPE: cDHA 
(iii) HYPOTHETICAL: NO 
(V) FRAGKEMT TYPE: N-terminal 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:49: 

GCATCCATAT CfiATGHCCC CAACHCCAA TTATGTAGCC CATGAAGTTT AG66AATAAC 60 

CCC 63 

{Z) INFORMATION FOR SEQ ID NO:SO: 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 79 base pairs 
(6) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(1i) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(V) FRAGMENT TYPE: N-tennlnal 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:50: 
GCCTCGAGCT CGAGACCATG CCCCTATCTT ATCAACACH CCGGAAACTA CTGTTGTTAG 
ACGACGGGAC CGAGGCAGG 



60 



79 
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(2) INFORMATION FOR SEQ ID N0:51: 

(1) SEQUENCE CHARAaERISTICS: 

(A) LENSTti: 66 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(i1) MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 
(v) raACHENT TYPE: N-terwinal 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5I: 
GCATCGATAT CGATGGGCAG GATCTGATGG GCGTTCACGG TGGTC6CCAT GCAACGTGCA 60 
GAG6T6 66 
{Z) INFORMATION FOR SEQ ID NO: 52: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 71 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(1i) MOLECULE TYPE: cONA 
(ili) HYPOTHETICAL: NO 



(V) FRAGMENT TYPE: N-tenninal 
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(xl) SEQUENCE DESCRIPTION: SEQ ID N0:52: 
GCaCGAGCT CGAGACCATG TCCCGTCGGC GCTGAATCCC GCGGACGACC CCTCTCGGGG 60 
CC6CTTGG6A C 71 
(2) INFOfWATION FOR SEQ ID N0:53: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 64 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cOMA 
(iii) HYPOTHETICAL: NO 
(V) FRAGMENT TYPE: N-terminal 



(xi) SEQUENCE DESCRIPHON: SEQ ID N0:53: 
GCATC6ATAT C6AT6GTCGG TCGHGACAT T6CTG6GAGT CCAAGAfiTCC TCTTATGTAA 60 
GACC 64 
(2) INFORMATION FOR SEQ ID NO: 54: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 74 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(0) TOPOLOGY: linear 
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(11) KOLECUU TYPE: dWA 
(111) HYPOTHETICAL: NO 
(v) FRACWENT TYPE: N-termlnal 

(xl) SEQUEKCE DESCRIPTION: SEQ ID r»:54: 
GCaCGAGCT CGA6ACCATG AHAGGCAGA 66TGAAAAAG HGCATGGTG CTGGTGCGCA 60 



GACCAATTTA TGCC 

(2) INFORMATION FOR SEQ ID N0:55: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 67 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(0) TOPOLOGY: linear 



.74 



(11) KOLECULE TYPE: cDNA 
(111) HYPOTHETICAL: NO 
(V) FRAQ1ENT TYPE: N-temlnal 



(xl) SEQUENCE DESCRIPTION: SEQ ID N0:55: 
GCAKGATAT CGAT6CTGAC GCAACCCCCA CTGGaCGGG CTTAGCCATA GGCCATCAGC 
GCATGCG 



60 
67 



PCr/llS93iA»1009 



92 

(2) INFORMATION FOR SEQ ID K0:56: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 655 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEDNESS: single 

(D) TOPOLD&Y: linear 

(11) KOLECULE TYPE: cDNA 
(111) HYPOTHETICAL: NO 
(v) FRA^ENT TYPE: N-termlnal 

(XI) SEQUENCE DESCRIPTION: SEQ ID N0:56: 

CACCAGCAAC AT6CAACTTT TTCACCTCTS CCTAATCATC TCTTCTACAT GTCCCACTBT 60 

TCAAGCCTCC AA6CTGTGCC TTGGGTGGCT TTGGGGCATG GACATTGACC CTTATAAAGA 120 

ATTTG6AGCT ACTCTGGAGT TAaCTCGH TTTSCCnCT GACnCTTTC CTTCCGTCAG 180 

AGATCTCCTA GACACC6CCT CAGCTCT6TA TC6GGAAGCC TTAGAGTCTC CTGAGCATTG 240 

CTCACCTCAC CACACCGCAC TCA6GCAAGC CAHCTCTBC TGGGGGGAAT TGATGACTCT 300 

AGCTACCTGG GTB6GTAATA ATTTBGAAGA TCCAGCATCT AG66ATCTAG TAfiTCAATTA 360 

TGTTAATACr AACATGGCTT TAAAAATTA6 6CAACTATT6 TSGTTTCATA TATCTTGCCT 420 

TACmTGGA A6A6A6ACTG TiCTTGAATA TTTG6TATCT TTCGGAGTGT GGATTCGCAC 480 

TCCTCCAGCC TATAGACCAC CAAATSCCCC TATCTTATCA ACACTTCCGG AAACTACT6T 540 

TBTTAGACGA CGGGACCGAG GCA6GTCCCC TAGAAGAAGA ACTCCCTCGC CTC6CAGACG ^00 
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CAGATCTCCA TCGCCGCGTC GCAGAAGATC TCAATCTCGG GAATCTCAAT GTTAG 655 
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L A inetliod of treating hqpaddsBinfiBc^^ 

dtrects the ejqnessian of at least oiie immanogeixic pa^ andgeiKy 
Sikh &at an nmmnie leqyonse is generated 

2. A mediod of treating hepatitis in waxm-blooded animals, 

oon^nishig: 

(a) administering to a warm-blooded animal a vector constm^ 
v/tSdn directs the exfiression of at least one imnmnogenic portion of a hepatitis B 
antigen, such that an immuTic response is generated; and 

(b) administering to ^ the warobblooded animal an 
mmnmomodolatOTy cofactof- 

3. A m et hod of treating hepatitis B infections in wann-blooded 
aTriinnIs conqirising admfnf sterling to a waim-blooded ammal a vector oonstmct wMdi 
oo-eapresses at-Ieast one mmnmogonc portion of a hqmtitis B antigen and an 
fimtmnamodnlatoiy cofectnr* 

4. The method of daims 1 to 3 ixtoem said vector constmct 
oqpresses HBeAg. 

5. The method of daims 1 to 3 ni^ierein said vector constmct 
ejqpressesHBcAg. 

fi. Hie mediod of daims 1 to 3 ^x^ierein said vector construct 
eaquesses an HBsAg* 

7. The method of daim 6 vrfterdn said HBsAg is selected from the 
giovqp coQsisttng of S. pre-Sl and pre-S2. 

8. Tlie method of daims 1 to 3 wfaereui said vector construct 
egg^xresses the HBV pol antigen. 
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9. The method of daims 1 to 3 Miierein said vector construct 
expresses ORF5. 

10. The method of daizns 1 to 3 wfaerem ^d vector constract 
expresses ORF 6. 

11. The method of daims I to 3 ndierein said vector construct 
directs the esqiression of both HBeAg and HBcAg. 

12. The method of daims 1 to 3 ^i^icreln said vector construct is 
caiiied by a recombinant retrovirus. 

13. The method of daims 1 to 3 wherein said vector construct is 
carried by a recombinant virus selected from the group consisting of poliovirus, 
rfainovirus, pox virus, canary pox virus, vaodnia virus, infkieiiTn virus, adenovirus, 
parvovirus, adeno-associated virus, herpes virus, SV40; HIV, measles and Sindbis 
viruL 

14. A vector construct \^cfa directs the co-expression of at least one 
immunogenic portion of a hepatitis B antigen and of an tnununomodnlatoiy cofector. 

15. A recombinant retrovirus canning a vector construct according 

todaim 14. 

16. A recombinant virus canying a veaor construct according to 
daim 14, said virus selected from the group consisting of poliovirus, rhinovims, pox 
virus, canaiy pox virus, vacdnia virus, influenza virus, adenovirus, parvovirus, adeno- 
assodated virus herpes virus, SV40, HIV, measles and Sindbis virus. 

17. A pharmaceutical oootc^osidon comprising the recombinant 
retrovirus according to daim 15 in combination with a pharmaceutically acceptable 
carrier or dihienL 

IS. A pharmaceutical conqx>sition con^rising the recombinant virus 
according to daim 16 in combination with a pharmaceutically acceptable canier or 
diluem. 



wo 93/153607 



96 

. 19. A m^hod of destragriiig h^ial^ 
administeriiig to a wanihblooded animal a vector oonstma YMtb directs tiie 
expression of an imsnmogBDic portioa of antiflen X, sndi tliat an mmiaiie response is 
generated. 

20L a method of destxcQring befraititis B ca 
Iblooded flffwiniRlj coin^yrl s^ ^ff r 

(a) admiiiisttt ring to a wann-blooded aninial a vector coostmct 
arrinial whidi directs the expression of sin immnra^CTic portion of ^^^^m sucb 
tiiat an immuiie response is generated; and - 

(b) admndaeriaig to the wann-blooded animal an 
iTi infn^^iiCTinto*(falatoiy ff?iV t^j toi« 

2L AxaedxMl of destrpyiog hepadtis B cardutotna odls conqiridsyB; 
adminbteiing to a warmrblooded animal a vector constnict wfatdi directs die oo- 
eEiq)fession of an imnnmogenic portion of antigen X and an inununomodulatoiy 
co fac t o r, 

22. The medsod of daims 19 to 21 wherein said vector constmcc is 
carried by a recombinant letioviius. 

23. The method of claims 19 to 21 vtoehi said vector con^ 
canted by a recombmant vims selet^ from 4e group consistifig of poKoviros, 
ihinovirnSi pox virus, canary pox virus, vacdma vuvs. infhj^sza virus, adenoviros, 
parvovirus, adeno-assoctated vims herpes vims, SV4QI mV, measles and Stndbis 
vmuL 

24. A vector construct vMdi directs tibte oppression of an 
imnnms^gemc portion of antigen X. 

25. A vector constmct wMdi directs the esqmssion of both an 
immunogeidc portion of andgen X. and of aninmiutioxnodulatory oofoctor* 



26, A recombinant retrovirus carryjng a vector constmct aettw^fag 
to daims 2^ or 25. 
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27* A recombinant vims canyuig a vector constroct acoording to 
daims 24 or 25, said virus sele^ed from the gn^ 

pax virus^ caimiy pox vinis» vacadnia vims, fnAmmB virus, adenovirus, paxvovims, 
adeno^wndated virus herpes vinis, SV4ft HIV, measltt 

jBL a phannaoeQtical oompositicui coiqirisi^g a reconlbiiiant 
retr o virus aooordiiig to daim26 in ocunbination with a pbiurmaiieaticaUy aooqytable 
canier or dihient* 

29. A pbannaceotical oonq>osition comprisiiig a recombinant vims 
acoording to daim 27 in combination with a pbarmaoeuticany acceptable carrier or 
diluepL 

3a Amethodof treatii^hqmtidsCinfectiozisina warm^}loode^ 
animal conqmsingadmfausterix^ toawarln-bloodedaninwl ayector oons^^ 
directs the expressicm of at least one immonogenic portion of a hepatitis C antiigen, 
such that an imnnme response is generated. 

3L A method of treatiiig hepatitis C inlBcdotts,oonqirMqg: 

(a) administeriDg to a warm-b!o(^ed ainmal a vector construct 
which directs the eaqzression of at least one immunogenic portion of. a hepatitis C 
antigen, such that an imfmTwy, response is generated; and 

(b) administerii^ to tiie warm-blooded aninuJ an 

mil II iin n mnripl ^^ »y cofoctOT* 

3Z A method (rf treating hepatitis C infections in a warm4il(k)^ 
anintal oGiiqirisfaig adndnisterii^ to a waiiD-blooded aidnial a v 
directs tfac co-caqgesrion of at least one immnnqgenic portion of a hqiatitis C antigen 
and an iimmmomodulatDiy elector. 

33. Ibe method of dahns 30 to 33 wherehi said vector constroct. 
capresses tibe core antigen Q 

34. The mediod of dahns 30 to 33 ndierein said vector comtract 
. eqnesses antigen E2/NS1. 
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35. Tbe method of datms 30 to 33 ^p^ierem said vector constrad 
eiqiresses antigen NS2. 

36. Hie mettiod of daims 30 to 33 wbereb said vector constmct 
expresses antigen NS3, 

37. The method of claims 30 to 33 v^imia said vector oonstract 
eaqpresses andgen NS4. 

38. Ihe method of daims 30 to 33 wherem said vector construct 
expresses andgoi NS5. 

39. The method of daims 30 to 33 herein said vector constmct is 
carried by a recombinant retrovinis. 

40i The method of daims 30 to 33 viseiein said vector construct is 
• canded by a recombinant virus selected from the group consisting of poliovirus, 
ihfnovirns, pax virus, canaxy pox virus, vaodnia vkus^ inflnenza vims, adenovirus, 
parvovirus, adeao-assoctated virus heipes virus, SV40, HIV, measles and Smdbis 
virus. 

4L A vector cQustnKtvAiidi directs the esqnesdoii of at least one 
innmmpgenic portion of a hepatitis C antigen. 

42. A vector construct wfaidi directs tiieco^oqire^Qn of at least one 
immunogenic portion of a hepatitis C antigen and of an immunomodnlatoiy oo&ctor. 

43. A vector constnictvdiidi directs the oo^qirraBdon of at 
immnnpgenic portion of a hq3atitis B antigen and at least one immunogeDic portion 
of a hqiatitts C antigen. 

44. A recombimmt retrovirus canying a vedor constmct aocoidiiig 
to daims 41, 42 or 43. 

45. A recomibmant virus carrying a vedor constmct according to 
daims 41, 42 or 43 said virus selected from the group consisting of poliovinis, 
riunovirus, pox virus, canary pox vims, vacdoia virus, influenza virus, adenovirus. 
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parvoviniSt adeno-assodated virus herpes vims, SV40^ HIV» meases and Shidbis 
virus. 

46. A phannacentical ^innwaitlma cuuipilsiiig a iccotidiiiiant 
retrovirus aobordioig to dlaim 44 fu combinatioii with a phannacgntically aocqptatdc 
carxieir or dibent. 

47* A phannacfffitiial compasitian wiiiipiiirfag a iccoinWnaiit vims 
aoeoniing.t6 daini45 in comWnmian with a phannaceotically aooeptafale carri^ <ir 

48. A inethod fif destroying hepatitis C caidnom cells in wa^ 
blooded animals conqirising adndsatering to a warnnblooded animal a vector 
conistruct which <firects the oqnessian of an inununogenic portion of the polyprotein 
axit|gea» socb that an iinmune response is general 

49« A method of destn^fiqg hqpatitis C carcinoma cells in warm- 
hlooded animals^ fffTyipr^ yfri^ 

(a) adnnmsterii^ to a waim4ilooded animal a vector oonstrnct 
vAdidb dSrects the eaqiression of an immnnogenic portion of the p o ly piotein 

auh that an iniiiune rnponse is generated; and 

(b) adiiiiiihtermg to- the warm-blooded animal an 

Sa A method of destroying hepatitis C carcfamma celk grmijiriring- 
administering a vector construct m/bkh oo-eaqpresses an imnmnogcnic ptortion of iba 
polyprotein antigen and an inmnmoTnodiilatoTy cofiactor, 

5L Ihe method of daitns 48 to 50 wtoieinsdd vector constr^ 
caiii^ by a recombinant retravims. 

52. The method of daims 48 to 50 ii^terehi said vector constnictn 
• carried by a recombinant vhus» said vims selected iGrom the group mtwfetffijr eif 
poliovims. xhinovirus, iksk vims, canaiy pox virus, vaccinia virus, admuyvirus, 
' parvovirus, herpes virus, and Sindbis virus. 
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53. A vector constnxct vMdb directs the expression of an 
fffwTTnmft gftfiie pnrttim of Ae pof^roteia. antigen , 

54. A vector construct winch drects the esqiressbn of both an 
unnninogemc portion of the polypfocein antigen and of an ionnnnomori»latnry 

55. A reromhinant retrovims canying a vector construct according 
todainisS2or53. 

56. A recombinam virus canying a vector constmct according to 
claims S3 or 54, said virus sdected from the group oonssstipg of pplio^ 
poxvirus, canaiy pox virus, vacdnia virus, influenza virus, adenovirus, parvovirus, 
adeno-flssodated virus heipes vinis, SV4()^ HIV, nxeaslK and Sindbis wu^ 

57. A pharmaceutical composition oouipristng & lecnnthinant 
retrovirus aooordizig to daim 55 in combination with a pharmaceutical^ acceptable 
carrier or dihi^U. 

58. A pharmaceutical conqx^tion conqirisoig a recombinant vims 
acoQidiiig to daim 56 in cmnbinan'on with a phannarfaiticaDy acceptable carrier or 
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C ACC AGC AAC 
"> Precore 

AJG CAA CTT TTT CaC CTC TGC CTA ATC ATC TCT TGT ACA TGT CCC 

ACT GTT CAA GCC TCC AAG CTG TGC CTT GGG TGG CTT TGG GGC AJG^^' 

GftC ATT GAC OCT TAT AAA GAA TTT GGA GCT ACT GTG GAG TTA CTC 

TCG TTT TTG CCT TCT GAC TTC TTT GCT TCC GTC AGA GAT CTC CTA GAC 

ACC GCC TCA GCT CTG TAT CGG GAA GCC TTA GAG TCT CCT GAG CAT 

TGC TCA CCT CAC CAC ACC GCA CTC AG.G CAA GCC ATT CTC TGC TGG GGG 

GAA TTG ATG ACT CTA GCT ACC TGG GTG GGT AAT AAT TTG GAA GAT 
79 81 34 65 

CC G CAT CAA GGG ATC TAG TAG 

CCA GCA TCj AGG GAT CTA GTAjTC AAT TAT GTT AAT ACT AAC ATG 
GGT TTA AAA ATT AGG CAA CTA TTG TGG TTT CAT ATA TCT TGC CTT 

ACT TTT GGA ASV GAG ACT GTA CTT GAA TAT TTG GTA TCT TTC GGA 
GTG TGG ATT CGC ACT CCT CCA GCC TAT AGA CCA CCA AAT GCC CCT 
ATC TTA TCA ACA CTT CCG GAA ACT ACT GTT GTT AGA CGA CGG GAC 

CGA GGC AGG TCC CCT AGA AGA AGA ACT CCC TCG CCT AGA CGC 
AGA TCT CCA TCG CCG CGT CGC AGA AGA TCT CAA TCT CGG GAA TCT 
CAA TGT TAG 
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Standard: rHBeAg (Dave Mi I ich/^iogen) 





n 


a/ml 




ng/ml 


Smnp le-SN 


AbbotI 


Incstar 


Sample-Lysa'te 


Incstar 


BCIOME 
BC/HBe l-IO 


0.0 
12.5 


0.0 
14.9 






BJ/6 

BI/6/HBe 1-12 


0.0 
14.5 


0.0 
14.7 






LMTK 

LM^Be 1-3 
LM/HBe l-ll 
LM/HBe 3-7 
LM/^Be 3-12 


0.0 
7.0 
4.9 
6.0 
12.0 


0.0 
12.2 
7.3 
7.5 
16.0 


LMTK 

LM/HBe 1-3 
LM/HBe l-ll 
LM/HBe 3-7 
LM/HBe 3-12 


0.0 
6.0 
4.5 
9.8 
16.0 


JY-LCL 
JY/HBe 2-8 


0.0 
3.0 


0.0 
5.8 






EL4 

EL4/HBe 1-5 


0.0 
1.0 


0.0 
0.5 







SUBSTITUTE SHEET 



wo 93/15207 



6/9 



PCrA^93/01009 



_:1 
'1 



NS9/te 
NS^OHOa 

Ksst/te 




SUBSTITUTE SHEET 



7/9 



PCT/US93/01009 



FIGo 7 A 
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